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GENERAL INTRODUCTION 
Dissertation Organization 
This dissertation contains five separate manuscripts. Each individual 
manuscript is complete in itself. The first two have been recently published as Brief 
Communications. Two others have been accepted for publication as full 
manuscripts, and the fifth one has been submitted for publication as a full 
manuscript. The Ph.D. candidate, Patrick G. Halbur is the senior author and 
principal investigator for each manuscript. The first manuscript describes the 
development of an immunohistochemical test for detection of porcine reproductive 
and respiratory syndrome virus (PRRSV) antigen in porcine lung tissue and has 
been published in the Journal of Veterinary Diagnostic Investigation. The second 
manuscript has recently been published in Veterinary Pathology and describes the 
use of the immunohistochemistry (IHC) technique to detect PRRSV antigen in the 
heart and lymphoid system of pigs. The third manuscript has been submitted to 
Journal of Veterinary Diagnostic Investigation and describes the development and 
use of a cesarean-derived-colostrum-deprived pig model to compare the 
pathogenicity of nine different U.S. PRRSV isolates. The fourth manuscript has 
been accepted for publication in Veterinary Pathology and describes the use of the 
CDCD pig model to compare the pathogenicity of the European Leiystad virus to 
that of two U.S. PRRS viruses. The final manuscript has been accepted for 
publication in Veterinary Pathology and describes and compares the PRRSV 
antigen distribution of high-virulence (VR 2385) and low-virulence (VR 2431) U.S. 
PRRSV isolates with that of the European Leiystad virus. An extensive review of 
the literature on PRRSV and related viruses is included to provide an update and a 
2 
foundation for continued generation of research ideas in this area as we continue 
our investigations. The General Conclusions section summarizes our 
pathogenesis research in view of what has been published by others, and 
discusses ideas and areas that are worthy of continued research. Literature 
citations contained within the General Introduction, Literature Review, and General 
Conclusion sections are listed in the Literature Cited section at the end. 
Introduction 
Porcine reproductive and respiratory syndrome (PRRS) was first recognized 
in the U.S. in 1987 (Hill, 1990; Keffaber, 1989; Loula, 1990a) and subsequently in 
Europe in 1991 (Pol et al., 1991; Terpstra et al., 1991; Wensvoort et al., 1991a). 
The syndrome was also referred to as porcine epidemic abortion and respiratory 
syndrome (PEARS) in Europe and swine infertility and respiratory syndrome 
(SIRS) or mystery swine disease (MSD) in the U.S. In 1991, researchers in The 
Netherlands isolated the Leiystad virus (LV) in primary porcine alveolar 
macrophage cultures and determined that LV was likely to be the agent 
responsible for the reproductive and respiratory syndromes (PRRS, PEARS, SIRS, 
or MSD) in Europe, Canada and the U.S (Pol et al., 1991; Terpstra et al., 1991: 
Wensvoort et al., 1991a). In 1992, researchers in the U.S. were the first to isolate 
PRRS virus in a continuous cell line (Benfield et al., 1992b; Collins et al., 1992a: 
Yoon et al., 1992a). It is now widely accepted to call the syndrome PRRS and the 
virus PRRS virus (PRRSV). 
The U.S. and European isolates have since been characterized and 
tentatively classified in the recently proposed Arterivirus group of superfamily 
Coronaviridae along with lactate dehydrogenase-elevating virus (LDV), simian 
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hemorrhagic fever virus (SHFV), and equine arteritis virus (EAV) (Benfield et al., 
1992b: Meulenberg et al., 1993a: Meulenberg et al., 1993b: Meng et al., 1994a). 
Techniques for PRRSV isolation (Benfield et al., 1992b: Kim et al., 1993: Wensvoort 
et al., 1991a), antigen detection (Magar et al., 1993), and serology (Nelson et al., 
1993, Wensvoort et al., 1992b, Yoon et al., 1992b: Yoon et al., 1994) have been 
developed. 
PRRS in a naive herd may first be recognized as reproductive failure 
characterized by late-term abortions and delivery of increased numbers of stillborn 
fetuses or premature and weak piglets. Mid-gestation abortions, mummified 
fetuses, early embryonic death, and infertility commonly follow (Mengeling et al., 
1994). Neonatal death loss due to respiratory and systemic disease may be high. 
In 2- to 10-week-old pigs, PRRSV frequently causes respiratory disease with 
secondary bacterial pneumonia, septicemia and enteritis (Halbur et al., 1993a; 
Halbur et al., 1993b: Zeman et al., 1993). Outbreaks may last from 1-4 months or 
become enzootic on some farms where pig-flow through the unit is appropriate for 
transmission of virus from older stock to younger susceptible animals that have lost 
passive antibody protection. Currently, the most common clinical manifestations of 
PRRS in the midwestern United States are enzootic respiratory and systemic 
disease in 4-8-week-old pigs and reproductive failure in naive females introduced 
into enzootically-infected breeding herds (Dee and Joo, 1994a; Dee et al., 1995a; 
Halbur et al., 1993b: Keffaber et al., 1992). Financial losses from epizootic or 
enzootic infections can reach $230-$500 per inventoried female annually (Poison 
et al., 1990; Poison et al., 1992; Poison et al., 1994). In an average 250-sow 
midwestern U.S. swine herd this could represent $55,000 to $125,000 decrease in 
annual gross income. 
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The severity and duration of an outbreak is variable: in fact, some herds are 
devastated by high production losses while other herds have no losses due to 
infection with PRRSV. This may be due to a number of possibilities including; the 
dose of virus at exposure, pig genetic susceptibility differences, environmental or 
housing differences, the production style and management (pig flow and female 
introduction practices) of the swine unit, or virus strain differences. 
Disease has been experimentally reproduced with cell culture propagated 
virus by inoculation of pregnant female swine (Christiansen et al., 1992b: 
Christiansen et al., 1993: Lager et al., 1994a: Mengeling et al., 1994, Terpstra et al., 
1991), gnotobiotic pigs (Collins et al., 1992a: Halbur et al., 1993a) and specific 
pathogen-free or conventional pigs (Rossow et al., 1994d, Yoon et al., 1992a). A 
limited number of PRRSV isolates have been used in these experiments with low 
numbers of pigs of different ages, breeds, health and immune status. This has 
made it difficult to compare the work of different research groups and to accumulate 
statistically significant data. 
PRRSV has been shown to experimentally induce reproductive failure in 
mid- and late-term gestation (Christiansen et al., 1992b: Christiansen et al., 1993: 
Lager et al., 1994a: Mengeling et al., 1994, Terpstra et al., 1991). Very little is 
known about the pathogenesis of PRRSV-induced reproductive disease because 
lesions are rarely seen in maternal, fetal, or placental tissues. In neonatal and 
growing pigs, PRRSV has been shown to induce inapparent respiratory disease 
(Collins et al., 1992a: Galina et al., 1994), mild respiratory disease (Rossow et al., 
1994d; Yoon et al., 1992a), or moderate-to-severe dyspnea and tachypnea (Halbur 
etal., 1993a). Gross lesions are inconsistently reported. Characteristic 
microscopic lesions are interstitial pneumonia and lymphadenopathy. PRRSV 
antigen has been detected in macrophages of the respiratory and lymphoid tissues 
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(Magar et al., 1993; Pol et al., 1991). A thorough description of PRRSV antigen 
distribution as disease progresses over time has not been done. 
My colleagues and I have been interested in determining if the variability in 
severity of disease seen on farms Is due to PRRSV strain differences. Specifically, 
we wanted to determine if there were differences in pathogenicity between isolates. 
Through my association with the Iowa State University Veterinary Diagnostic 
Laboratory, we selected sixteen PRRS clinical cases to further investigate, and the 
PRRS virus isolates from these cases to further characterize. I was particularly 
Interested in determining the pathogenesis of PRRSV-induced disease and how 
that may differ between isolates of high and low virulence. The molecular 
virologists on our team were interested in determining if genetic differences existed 
in this bank of isolates. An ongoing goal of our entire research team has been to 
identify genes or proteins responsible for virulence and development of Immunity to 
PRRSV. This research should lead to improved diagnostic tools and vaccines for 
PRRS. 
The immediate objectives addressed in the research covered by this 
dissertation are to (1) develop a reliable model to study PRRSV-induced 
respiratory and systemic disease (2) characterize the gross and microscopic 
lesions associated with the course of PRRSV-induced disease (3) develop a 
technique for antigen detection to improve diagnosis and research of PRRSV-
induced disease (4) use an established model to statistically compare the 
pathogenicity of plaque-purified PRRSV isolates that were chosen because of the 
varying severity of clinical signs and losses observed in the herds of origin (5) use 
immunohistochemistry to correlate PRRSV antigen distribution with histopathologic 
lesions (6) develop and propose a model for PRRSV-induced respiratory and 
systemic disease in growing pigs. 
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PRRS LITERATURE REVIEW 
History of Porcine Reproductive and Respiratory Syndrome (PRRS) 
The porcine reproductive and respiratory syndrome that is now known as 
PRRS was first observed in the U.S. in 1986-1988 (Dial and Parsons, 1989; Dial et 
al., 1990; Loula 1991; Keffaber, 1989; Hill, 1990) and quickly spread throughout 
the major swine producing areas of the United States and Canada (Dea et al, 
1992a: Dea et al., 1992b, Dea et al., 1992c). The disease was characterized by an 
epizootic of reproductive failure (increased numbers of stillborn, mummified, and 
weak-born pigs) in sows and gilts and severe respiratory disease in neonatal and 
growing pigs. In 1990, PRRS appeared in Germany (Ohiinger et al, 1992a, 
Ohiinger et al., 1992b), and from there it is believed to have spread rapidly to 
neighboring countries of The Netherlands, Great Britain, Belgium, Spain, France, 
and Denmark (Terpstra et al., 1991: Plana Duran et al., 1992a; Plana Duran et al., 
1992b: Paton et a!., 1992b: Paton et al., 1992c). 
The syndrome was first called mystery swine disease (MSD) (Dial et al., 
1990) and then swine infertility and respiratory syndrome (SIRS) (Collins et al., 
1991) in the U.S. and porcine epidemic abortion and respiratory syndrome 
(PEARS) or "blue eared pig disease" in Europe (Terpstra, et al., 1991). A 
consensus was reached by scientists participating in the First International 
Symposium on SIRS/PRRS in 1992 to call the syndrome PRRS and its virus 
PRRSV (Collins et al., 1992b). 
Several pathogens were discussed as potential causes for PRRS. 
Encephalomyocarditis virus (EMCV) was at one time proposed as a likely cause of 
PRRS (Dea et al., 1991a; Dea et al., 1991b: Dea et al., 1990: Christiansen et al.. 
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1990; Kim et al., 1989; Carlson et al., 1992). In fact, some herds implemented 
vaccination programs with EMCV vaccine as a means for control of PRRS (Loula, 
1991: Loula, 1990a: Loula, 1990b). An antigenic variant of swine influenza virus 
was also researched for potential involvement in PRRS (Dea et al., 1992b: Girard 
et al., 1992; Morin et al., 1990: Morin et al., 1991; Elzahary et al., 1991). The 
association of PRRS with fumonisin contaminated feed was also proposed and it 
was demonstrated that the risk of PRRS increased as the concentration of 
fumonisin in the feed increased (Bane et al., 1990, Bane et al., 1992). Evidence for 
chlamydia as the etiologic agent of PRRS was also considered (Woolen et al., 
1990. Daniels et al., 1990). 
The major breakthrough in solving the "mystery" of PRRS occurred in 1991 
when Dutch researchers at the Central Veterinary Institute in The Netherlands 
reported that they had isolated a previously unrecognized virus from tissues of pigs 
from herds with PRRS (Wensvoort et al., 1991a; Wensvoort et al., 1991b). The 
virus was called "Leiystad virus" after the town in which the virus was isolated. 
Koch's postulates implicating the Leiystad virus as the agent responsible for PRRS 
were fulfilled (Pol et al., 1991; Terpstra et al., 1991: Wensvoort et al., 1991a). 
Agents isolated from PRRS outbreaks in Spain, Germany, England, and France 
were subsequently found to be serologically related to Leiystad virus (Wensvoort et 
al., 1991a: Baron et al., 1992). 
In 1992, scientist in the U.S. reported isolation of a similar virus from pigs 
suffering from PRRS (Collins et al., 1992a). They were the first to propagate the 
virus in an established cell line which was designated CL 2621 and the virus VR-
2332. Reproductive failure similar to that observed in the field was reproduced with 
this isolate (Christiansen et al., 1992b). By late 1992, researchers and 
diagnosticians throughout North America and Europe had confirmed isolation of 
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PRRS. Diagnostic tests and experimental models were soon developed. Steady 
progress has been made in the last four years on the molecular virology, 
epidemiology, pathogenesis, and control of PRRS. 
Currently the disease has become endemic in the U.S. and Europe. Herds 
that have been through an epizootic often continue to experience a chronic form of 
the disease characterized by respiratory disease, poor performance, and high 
mortality in nursery pigs (Keffaber et al., 1992; Halbur et al., 1993a; Halbur et al., 
1993b). PRRSV-associated problems may continue in the breeding herd as 
reproductive failure in naive replacement females that are added to the herd 
without proper acclimatization. 
Characterization of PRRSV 
Morphologic and phvsicochemical properties 
Leiystad virus (LV) is considered the prototype European PRRSV isolate 
(Wensvoort et al., 1991a; Wensvoort et al., 1992c; Wensvoort et al., 1993) and 
VR2332 is considered the prototype U.S. PRRSV isolate (Benfield et al., 1992a, 
Benfield et al., 1992b). Both have been well characterized and have very similar 
morphologic and physicochemical properties. PRRSV is a fastidious, 
nonhemagglutinating, enveloped RNA virus. Cesium chloride-purified virions 
visualized by electron microscopy are spherical, 45-85 nm particles with a 25-35 
nm core surrounded by an envelope with small surface projections. The buoyant 
density of the PRRSV virions in CsCI gradients is 1.18-1.19 g/ml. The virus is 
stable at 4° and -70° C, but labile at 37° and 56° C. 
The European PRRSV isolates grow preferentially in porcine alveolar 
macrophage (PAM) cultures and replicate to a low titer in other culture systems 
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(Wensvoort et al., 1991 a; Wensvoort et al., 1992c: Wensvoort et al., 1993). Most 
U.S. isolates replicate well in PAM cultures as well as in continuous cell lines 
CL2621, MARC-145, MA-104 and CRL 1171 (Benfield et al., 1992b: Meng et al., 
1994a: Meng et al., 1994b). Enhanced replication of PRRSV in a homogeneous 
subpopulation of MA-104 cell line (MARC-145) has been reported (Kim et al., 
1993). 
Bautista et al. (1993b) compared the ability of 2 cell systems, PAM and 
CL2621, for the isolation of U.S. and European PRRS viruses and for the detection 
of their antibodies. Some isolates replicated equally well in both systems, 
however, failure of PAMs to support the growth of some CL2621 isolates and 
failure of CL2621 cells to support the growth of some PAM isolates indicates the 
existence of variants among these isolates. Use of a single cell system may not be 
adequate for isolation of PRRSV from field cases. Some isolates were also 
observed to have a delayed onset of cytopathic effect or were non-cytopathic. 
In PAM cultures, the CPE is characterized by rounding, clumping, and lysis 
in 3-11 days (Wensvoort et al., 1991a: Yoon et al., 1992b). In the established cell 
lines (CRL 17111, CL2621, MA-104, MARC-145) the CPE develops in 2-4 days 
and is characterized by rounding, clumping, pyknosis, detachment and lysis 
(Benfield et al., 1992b: Kim et al., 1993). Diffuse fluorescence in the cytoplasm of 
these cells suggests that virus replication is restricted to the cytoplasm. 
Three major structural proteins have been recognized. These are 15-, 19, 
and 26 kD proteins (Nelson et al., 1993). The 15-kD protein appears to be the 
nucleocapsid protein. The 19 kD protein is likely a nonglycosylated membrane 
protein, and the 26 kD protein is likely a glycosylated envelope-associated protein. 
The morphogenesis of Leiystad virus in cultured porcine alveolar 
macrophages has been studied and reported on by Pol et al. (1992a, 1992b). 
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From 6 hours on, Pole et al. (1992a, 1992b) described the presence of viral 
nucleocapsids (30 nm) budding through membranes of the smooth endoplasmic 
reticulum (SER). At 9 and 12 hours, enveloped particles (45-55 nm) were seen in 
the lumen of SER and in the Golgi region. Virus-containing vesicles were seen in 
the Golgi region and in the cytoplasmic region between the Golgi and the cell 
membrane. Virus was released from the cells by exocytosis. From 6 hours on, Pol 
et al. (1992a, 1992b) described degenerative changes in infected macrophages as 
swelling of mitochondria, loss of mitochondrial dense granules and cristae, and 
reduction of rough endoplasmic reticulum. They described small vesicles which 
"were pinched off from mitochondria" resulting in many double-membrane vesicles 
(DMVs) that ranged in size from 100-300 nm in diameter. Some of these DMVs 
had mitochondrial cristae in them. After 15 hours, Pol et al. (1992a, 1992b) 
reported the presence of aberrant, elongated forms of nucleocapsids in the 
cytoplasm. Similar changes have been reported by Dea et al. (1992a) for PRRSV-
infected macrophages. Remarkably similar changes are described for the 
morphogenesis of lactate dehydrogenase-elevating virus (LDV) (Piagemann et al., 
1992b; Piagemann et al., 1992c; Stueckemann et al., 1982a, Steuckemann et al., 
1982b). 
Scanning electron microscopic examination of Leiystad virus infected 
macrophages in culture at 24 and 48 hours post-inoculation revealed marked 
morphologic changes (Paton et al., 1992b). After 24 hours the macrophages were 
flattened and the microvilli, filopodia, and pseudopodia were far less evident or 
absent. By 48 hours many of the cells had completely collapsed. 
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Genetic characteristics of PRRSV 
The European strain of PRRSV (Leiystad virus) has been cloned and 
sequenced (Conzelmann et al., 1993; Meulenberg et a!., 1993a: Meulenberg et al., 
1993b). PRRSV has a positive-stranded, polyadenylated RNA with a genome of 
15.1 kD. In infected cells, the PRRSV genome is expressed via formation of 8 
subgenomic mRNAs, which encode open reading frames (ORFs) of la, lb, 2, 3, 4, 
5, 6, and 7, respectively. ORF la and lb of the 5' half of the genome are predicted 
to encode the viral RNA polymerase: ORFs 2 to 6 are predicted to encode viral 
membrane-associated proteins: and ORF 7 is predicted to encode the 
nucleocapsid protein. The virus produces a 3' nested set of six messenger RNAs 
(mRNAs) all of which contain a common leader sequence obtained from the 5' end 
of the genomic RNA and all six have a 3' polyadenylation. 
There are considerable genetic differences between the U.S. and European 
PRRSV isolates. The amino acid sequence identity of ORF's 5, 6, and 7 between 
the highly virulent U.S. isolate VR2385 and the European Leiystad virus is only 
54%, 78%, and 58%, respectively (Meng et al., 1994a: Meng et al., 1994b). The 
putative membrane (M) protein (ORF 6) and nucleocapsid (N) protein (ORF 7) 
genes of five U.S. isolates of PRRSV with differing virulence were cloned and 
sequenced (Meng et al., 1995). There was 96-100% amino acid sequence 
homology in the putative M and N genes among U.S. and Canadian PRRSV 
isolates with differing virulence. However, their amino acid sequences varied 
extensively from those of European PRRSV isolates and displayed only 57-59% 
and 78-81% identity, respectively. Based on this work, phylogenetic analysis put 
the isolates into two distinct groups suggesting that the U.S. and European isolates 
represent two distinct genotypes. 
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Kwang et al. (1994) cloned, sequenced, and expressed the 0RF4 of the Mn-
1b isolate of PRRSV. The homologies of nucleotide and amino acid sequences 
between Mn-lb and Leiystad virus were 69% and 64%, respectively. Western blot 
analysis of expressed recombinant 0RF4 protein reacted with 65% (26/40) of 
PRRSV-infected pig sera. These results demonstrate that ORF4 of PRRSV may not 
be a well-conserved region and are consistent with reports of antigenic diversity 
among U.S. PRRSV strains. 
Classification of PRRSV and related viruses 
Both the U.S. and European PRRSV isolates are tentatively classified as 
members of the newly proposed arterivirus group, which includes lactate 
dehydrogenase-elevating virus (LDV), equine arteritis virus (EAV), and simian 
hemorrhagic fever virus (SHFV) (Conzelmann et al., 1993; Meulenberg et al., 
1993a; Plagemann et al., 1992b). Of the proposed arterivirus group, PRRS is most 
closely related to LDV based on sequence homology (Meulenberg et al., 1993a). 
These are all positive-strand RNA viruses that resemble togaviruses 
morphologically but are distantly related to coronaviruses and toroviruses on the 
basis of genome organization and expression (Conzelmann et al., 1993; 
Meulenberg et al., 1993a). The formation of 3' nested set of 6-7 mRNAs is similar 
to that of corona and toroviruses. All four members of the proposed arterivirus 
group (LDV, SHFV, EAV, PRRSV) have macrophages as their host target. PRRSV, 
EAV, and SHFV replicate in alveolar macrophages in vivo. 
Antiaenic characteristics of PRRSV 
PRRSV does not react serologically with antisera to a wide range of known 
animal viruses (Benfield et al., 1992b: Albina et al., 1992a; Albina et al., 1992b). 
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Considerable antigenic variation has been shown among 7 PRRSV isolates from 
The Netherlands, Germany, and the U.S. (Wensvoort et al., 1992b). Antigenically, 
all the European isolates resemble each other, but, differ from the U.S. isolates. 
The U.S. isolates are more diverse and differed antigenically from each other. 
Preliminary results indicated that the PRRSV isolates could be divided into two 
distinct antigenic classes, U.S. and European. 
Bautista et al. (1993c) tested experimental sera from conventional and 
cesarean-derived-colostrum-deprived pigs inoculated with VR2332, and sera from 
gnotobiotic and conventional pigs inoculated with LV. All experimental sera 
reacted with their respective homologous strains at titers >1:2048. Antisera against 
VR2332 and LV collected at 39-42 DPI reacted only with their homologous strains. 
However, anti-LV serum collected at 56 DPI reacted with VR2332 at a titer of 
1:1024 and similarly anti-VR2332 sera collected at 63 DPI had a titer of 1:256 
against LV. These results suggest that although there are antigenic differences 
between the U.S. VR2332 isolate and LV, they do share some common antigenic 
determinants that induce an antibody response to heterologous strains later in 
infection. 
Bautista et al. (1994) also examined antigenic characteristics among PRRSV 
isolates by radioimmunoprecipitation (RIP), immunoperoxidase test (IPT), and 
serum neutralization (SN) using polyclonal and monoclonal antisera against a U.S. 
isolate (VR2332), the European Leiystad virus (LV), the Humberside-2 (H2) strain 
of PRRSV, and sera from field cases of PRRS. Antibody response was first 
detected at 7 days post exposure (DPE) by RIP, 14 DPE with IPT, and at 21 DPE 
with SN. Antigenic variation among PRRSV isolates was clearly demonstrated by 
both IFA and RIP. 
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Nelson et al. (1993) and Benfield et al. (Benfield et al., 1994a) prepared 
monoclonal antibodies (Mabs) to two U.S. isolates of PRRSV. Two Mabs 
specifically recognized a conserved epitope on the putative 15 kD nucleocapsid 
protein of all U.S. and European isolates of PRRSV tested, indicating common 
epitopes exist. Four other Mabs recognized epitopes on the 15 kD protein of U.S. 
but not European isolates of PRRSV. This indicates that PRRSV contains both 
conserved and divergent epitopes on the 15 kD viral protein. 
Pathogenesis of PRRS 
Pathogenesis of PRRSV in pregnant sows and gilts 
The pathogenesis of reproductive failure has remained somewhat of a 
mystery. Gross and microscopic lesions are generally not observed in aborted fetal 
or placental tissues and the mechanism of PRRS reproductive failure has not been 
delineated. Experimental inoculation of PRRSV-containing tissue homogenates or 
cell cultures into pregnant swine have been conducted by several research groups. 
Transplacental infection with PRRSV has been demonstrated after inoculation of 
sows or gilts at 30 (Lager et al., 1994a: Lager et al., 1994b), 45-50 (Christiansen et 
al., 1993), 50 (Mengeling et al., 1994), 72 (Mengeling et al., 1994), 77 (Plana 
Duran et al., 1992a: Plana Duran et al., 1992b), 84 (Terpstra et al., 1991), 90 
(Lager et al., 1994a), and 93 (Christianson et al., 1992a: Christiansen et al., 1992b: 
Dea et al., 1992a: Yoon et al., 1992b) days of gestation. 
Investigators in The Netherlands were the first to report the isolation of a 
previously unidentified virus from field cases of PRRS and were the first to 
experimentally reproduce the disease in sows (Wensvoort et al., 1991: Terpstra et 
al., 1991). Aerosol inoculation of eight pregnant sows at 83 days gestation with LV 
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resulted in a 6-9 day period of anorexia (all sows), pyrexia (2 sows), development 
of reddish-blu0 blotches on the ears (2 sows), and abdominal respiration (2 sows). 
Abortion or delivery of stillborn and weak born pigs and mummified fetuses was 
seen in all eight principal litters. LV was isolated from 31 piglets of the principal 
litters and antibodies were found in the precolostral serum samples or ascitic fluid 
of 23/31 of these piglets. It was speculated early on by these researchers, that 
because the virus replicates almost exclusively in macrophages in vitro, and 
because the virus has been isolated from the blood of diseased sows, the virus 
may cross the placental barrier within maternal macrophages. 
In January of 1991, respiratory signs and high death loss were observed in a 
batch of pigs in Spain that had been imported from Germany a few days earlier. 
Neighboring farms shortly thereafter broke with PRRS. Intranasal and intravenous 
inoculation of pregnant sows (77 days gestation) with a filterable agent propagated 
in alveolar macrophage cultures from tissues from one of the farms experiencing a 
PRRS outbreak, induced anorexia, stillbirths, mummification of fetuses and weak 
piglets in 3/3 sows (Plana Duran et al., 1992a; Plana Duran et al., 1992b). Piglets 
born alive developed interstitial pneumonia at 8-12 days of life. 
In early 1992 in the U.S., six multiparious sows were intranasally inoculated 
with tissue homogenates or cell culture containing PRRSV isolate ATCC VR-2332 
at 93 days gestation (Christianson et al., 1992a: Christiansen et al., 1992b). 
Inoculated sows developed transient anorexia, farrowed up to 7 days prematurely, 
and delivered a mean of 5.8 live pigs and 6.0 dead fetuses/litter compared to 12.7 
live and 0.3 dead fetuses/litter for controls. PRRSV was isolated from 50/76 live-
born and stillborn fetuses from the 9 infected litters. Microscopic lesions were not 
seen in tissues from the principal pigs or fetuses. Multiple foci of 
lymphoplasmacytic and histiocytic inflammation surrounding small vessels and 
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lymphatics in the myometrium were observed in some of the principal sows. 
Intrauterine spread between fetuses may have occurred because fetuses were in 
different stages of autolysis and PRRSV was isolated from live-born pigs. 
Later in 1992 (Dea et al., 1992), pregnant sows in Canada at approximately 
93 days gestation were inoculated intranasally with filtered tissue homogenates 
prepared from lungs of necropsied pigs obtained from a PRRSV seropositive farm. 
These sows developed fever, inappetence, congestion of the ears and vulva and 
mammary gland, and reproductive failure characterized by stillbirths and various 
stages of mummification. 
Yoon et al. (1992a) inoculated two pregnant sows at 93 days gestation with 
lung homogenate filtrates from a field case (Mn-la). Lung homogenates from 
stillborn pigs from one of these sows was used as inocula for 2 more sows at 96 
days gestation. This inocula was determined to contain lO^-S IFID50 of PRRSV. 
No clinical signs except slight transient pyrexia were observed in the sows. The 
four sows farrowed a total of 12 stillborn and 32 normal, live pigs. Virus was 
recovered from 10/19 fetuses or piglets tested. Abnormal litters were not 
reproduced in all inoculated sows and it was discussed that this may be because of 
the insufficient time between inoculation and examination, or because of the low 
dose of inoculum. 
Joo et al. (1994) inoculated six sows oronasally at 85 days gestation. The 
MN-H virus isolate from a subclinical PRRS farm was a mixture of 2 virus 
populations. Large (MN-H1) and small (MN-Hs) plaque viruses were separated by 
plaque purification method. MN-W strain was isolated from a sow from a farm with 
severe PRRS. Two sows were inoculated with the MN-W, two with the large plaque 
MN-H1, and two with the small plaque MN-Hs. The two sows inoculated with MN-
W farrowed 10 live, 7 stillborn, and 13 mummies. The MN-H1 sows farrowed no 
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live, 6 stillbirths, and 19 mummies. Whereas, the MN-Hs sows farrowed 14 live, 1 
stillborn, and 4 mummified fetuses. Although low numbers of animals were used, 
there was evidence that smaller plaque variants may be associated with lower 
pathogenicity. 
To determine susceptibility of sows in mid-gestation, sows were intranasally 
inoculated with PRRSV at 50 days gestation (Christiansen et a!., 1993). These 
sows became viremic by 1 DPI, shed virus in feces and nasal secretions, and 
became leukopenic. Sixty-nine of 71 fetuses from principal sows euthanized on 7, 
14, or 21 DPI were alive, had no lesions, and investigators were unable to isolate 
virus from them. Two sows in the same experiment that were allowed to farrow at 
65 and 67 days after inoculation delivered 25 live pigs and 3 stillborn pigs and 
PRRSV was isolated from 2 of the live pigs in one litter. These two pigs from which 
virus was isolated may have been infected in late gestation because no virus was 
isolated from those fetuses examined at 7-21 DPI. The dams may have been 
persistently infected with subsequent transplacental transmission occurring late in 
gestation. 
Although PRRSV appears less likely to cross the placenta when gilts are 
exposed early in gestation, it is clearly possible, as was demonstrated by infection 
of fetuses in utero at 50 and 72 days gestation (Mengeling et al., 1994). PRRSV 
was isolated from significantly more (75% vs 4%) fetuses and live and stillborn pigs 
of gilts that were infected at 90 or 92 days gestation than from fetuses and live and 
stillborn pigs of gilts infected at 72 days or fewer of gestation. It was suggested that 
when maternal exposure is relatively early in gestation, fetuses may not be infected 
until a few weeks before term. Persistent infection of sows which would allow for 
delayed transmission has been demonstrated for 99 days (Zimmerman et al.. 
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1992). This may explain why natural epizootics of PRRS are often principally 
characterized as problems of late-term gestation and neonatal survival. 
Fetuses of five sows between 40-45 days gestation were inoculated in utero 
with PRRSV alone or PRRSV plus a swine serum containing PRRS antibodies 
(Christianson et al., 1993). Viral replication occurred in fetuses inoculated with 
PRRSV alone and was enhanced in fetuses inoculated with PRRSV plus antibody. 
Virus was not isolated from the sows whose fetuses were injected in utero with 
PRRSV. The authors did not state if the sows developed PRRSV serum antibodies. 
These results indicate that sows and fetuses are susceptible to PRRSV infection in 
mid-gestation, that viral replication is enhanced by the addition of PRRSV antibody, 
and that the virus does not readily cross the placental barrier during mid-gestation. 
Enhanced viral replication in the presence of antibodies has also been 
reported in vitro (Choi et al., 1992). Porcine fetuses become immunocompetent at 
approximately 70 days of gestation and it has been suggested that this may be a 
factor in the pathogenesis of PRRS virus in fetuses. Antibody dependent 
enhancement of PRRSV replication could take place after late-term gestational 
transplacental infection (Christianson et al., 1993). 
Field evidence of early-returns-to service and decreased conception rates in 
PRRSV-infected herds suggests that fetuses in early and mid gestation are also 
affected (Loula, 1991). Under experimental conditions it appears that gilts infected 
with PRRSV by insemination with contaminated semen or by intrauterine exposure 
near the time of exposure are less susceptible to reproductive failure than gilts 
exposed later in gestation. Lager et al. (1994a) experimentally inoculated gilts at 
various stages of gestation and were able to demonstrate a slight, but not 
statistically significant, decrease in conception rate when PRRSV was given via an 
insemination pipette on day 1 of gestation. All gilts (10/10) exposed to PRRSV on 
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day 1 of gestation liad litters that appeared normal when examined at 111 days of 
gestation. Of the gilts exposed to PRRSV oronasally at day 30 of gestation, 83% 
(10/12) had litters affected by reproductive failure. All six gilts oronasally exposed 
to PRRSV at day 90 had litters affected by PRRSV. All 5 uninoculated gilts 
remained normal. Previous exposure to virus at day 1 of gestation apparently 
immunized the gilts against homologous virus challenge at 90 days (Lager et al., 
1994a). 
Most reproductive pathogenesis research has focused on the ability of the 
PRRSV to cross the placental barrier. Researchers have also considered the 
ability of the fetus itself to support virus replication at various stages of pregnancy 
(Mengeling et al., 1994; Lager et al., 1994b: Christiansen et al., 1993). Lager et al. 
(1994b) directly injected fetuses with PRRSV as early as 34 days gestation and 
found that virus replication in the fetus is possible from early gestation to term. 
Christiansen et al. (1993) also directly inoculated the fetuses of five sows between 
40-45 days gestation with PRRSV and viral replication also occurred in the fetuses 
in this study. Intrauterine spread of PRRSV has also been documented (Lager et 
al., 1994b). Evidence now suggests that the placental barrier may indeed play the 
major role in determining the result on infection of the dam at different times of 
gestation. 
Gross lesions in fetuses and placenta are generally characterized by severe 
autolysis and mummification. Cutaneous petechial hemorrhages and hemorrhagic 
and friable internal organs have been reported (Lager et al., 1994b). Friable and 
hemorrhagic umbilical cords and the presence of pasty red-black meconium in the 
amnion and covering the fetuses has also been frequently observed (Lager et al., 
personal communication). 
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No consistent liistopathological lesions in the uterus, placenta, or fetuses 
have been associated with PRRSV infection. Fetal myocardial interstitial 
mononuclear cell infiltration, fibrosis, and myofiber degeneration have recently 
been reported in two natural cases of PRRS from which PRRSV was isolated 
(Rossow et al., 1994a). Pulmonary hemorrhage into mesenchymal interstitium 
surrounding bronchial buds, large bronchi, and blood vessels has been reported in 
fetuses that were inoculated in utero on days 45-49 gestation and examined 17-21 
days later (Lager et al., 1994b). There was also marked segmental to 
circumferential necrosis of smooth muscle spindle cells subjacent to the epithelial 
cells of bronchial buds. Moderate focally extensive necrosis of bronchiolar 
epithelium with peribronchiolar mononuclear cell infiltration was also observed. 
Multifocal renal cortical hemorrhage and hemorrhagic expansion of splenic red 
pulp were also observed. Only the fetuses in one horn of the uterus were 
inoculated with virus, however, intrauterine spread to the fetuses in the opposite 
horn had apparently occurred. PRRSV was recovered from the fetuses and 
PRRSV antigen was detected by direct fluorescent antibody staining of frozen lung 
sections. Viral antigen was observed in random foci throughout the fetal lung and 
liver and in the renal cortex. 
Reproductive tracts of 12 multiparous sows derived from 8 herds 
experiencing an acute outbreak of PRRS were examined grossly and by light and 
transmission electron microscopy (TEM) (Stockhofe-Zunwieden et al., 1992; 
Stockhofe-Zurwieden et al., 1993). Two sows were inoculated intranasally at 83 
and 86 days of gestation with homogenized uterus and placenta from these 
affected animals. Experimentally-inoculated sows were necropsied on day 108 or 
110 of pregnancy. Increased numbers of dead fetuses, which were often covered 
with meconium and attached to a brownish-green discolored and greasy placenta, 
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were observed in the 12 sows from the herds experiencing PEARS. By light 
microscopy, lymphohistiocytic endometritis and placentitis with vasculitis was 
observed. Inflammation in the placenta was predominately in the lamina propria, 
the perivascular connective tissue, and within vessel walls, of small arteries in 
particular. Degenerative changes with multifocal microseparations of the maternal-
fetal contact area were observed. A similar but less frequent inflammatory 
response and vasculitis was observed in the myometrium. Lymphohistiocytic 
inflammation was also observed just beneath the uterine epithelium often in 
association with microseparations. Vascular lesions when present were 
characterized by vacuolar degeneration of mediocytes and plasma insudation into 
the tunica media. Cell debris, necrotic epithelial cells and eosinophilic exudate 
were frequently observed between the microseparations which sometimes 
involved nearly 1/3 of the examined placenta. 
Examination by TEM (Stockhofe-Zurwieden et al., 1992; Stockhofe-
Zurweiden et al., 1993) revealed intercellular edema and hydropic degeneration of 
smooth muscle cells in the tunica media. In areas of microseparation, there was 
hydropic swelling, degeneration, and sometimes necrosis and desquamation of 
epithelial cells of the maternal and fetal placenta, especially in the fetal placental 
grooves. Dilation of the endoplasmic reticulum, swollen mitochondria, granular 
material in the cytoplasm, dilation of the intercellular channel system, and blunt 
microvilli were characteristic degenerative changes of the trophoblastic and 
maternal epithelium. PRRSV-like particles were seen most commonly on, and less 
often budding from, the luminal cytoplasmic membrane of endothelial cells of 
arterioles, venules, and capillaries of the maternal placenta. Similar particles were 
less often seen on fetal placental capillary endothelial cells or in intercellular 
spaces of uterine epithelial cells. It was suggested that alterations in the vascular 
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system of the endometrium and maternal placenta and of the fetomaternal contact 
area may have produced placental insufficiency, abortions, stillbirths, and the birth 
of debilitated pigs. 
It has been proposed that PRRSV reaches the fetus via infected 
macrophages from the dam (Terpstra et al., 1991). More recent work suggests that 
the virus particles may spread through the intercellular channel system between 
uterine epithelial cells which is thought to be important for transport of nutrients 
from mother to fetus (Stockhofe-Zurwieden et al., 1992; Stockhofe-Zurweiden et al., 
1993). The decreased odds of transplacental infection in early gestation may be 
because of protection by the zona pellucida during the first week, the lack of cells in 
the uterus early on to support PRRSV replication, or because there is relatively little 
area of contact between the conceptus and the uterine epithelium during early 
gestation (Mengeling et al., 1995b). It is likely that transplacental infection occurs 
via virus within macrophages which move from maternal to fetal circulation most 
readily in the second and third trimesters due to placental alterations later in 
pregnancy. 
Pathogenesis of PRRSV in boars 
As the use of artificial insemination (Al) continues to increase in the swine 
industry, so does the concern over whether pathogens such as PRRSV can be 
transmitted through the semen. Decreases in semen quality have been reported in 
PRRSV-infected Al centers and in experimentally-infected boars (Fietsma et al., 
1992; Prieta et al., 1994). A 10% increase in the number of rejected semen 
samples has been attributed to PRRSV (Fietsma et al., 1992). Epidemiological 
data suggests that semen from infected boars may have been responsible for the 
spread of PRRSV in Great Britain (Robertson, 1992a: Robertson 1992b) and in the 
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United States (Yaeger et al., 1993). However, in a study of six Al centers (230 
boars per center) that became infected with PRRS, it was reported that the semen 
collected from affected boars did not infect sow herds In which it was used (Fietsma 
et al., 1992). 
There is also evidence from Great Britain for transmission of PRRSV in 
semen (Edwards et al., 1992). A 40 boar stud in the Northern part of England 
became infected with PRRSV and was shut down by regulatory officials for 10 
weeks. Trace back investigation of 1200 customer herds found 4 herds that 
received semen from the boar stud during the acute stage of PRRS had outbreaks 
which couldn't be explained by animal movement or airborne transmission. 
Semen from the boar stud was the most likely source of PRRSV infection on these 
4 farms. 
PRRSV has not been isolated from semen and thus the potential for semen 
as a means of PRRSV transmission is still unclear. The cytotoxicity of semen to 
cultured cells makes virus isolation difficult and IFA and Western blot tests have 
failed to consistently identify PRRSV in semen (Yaeger et al., 1993). Polymerase 
chain reaction has been used to detect PRRSV in semen for 65 days after 
inoculation of the boar (Christopher-Hennings et al., 1994). 
Swenson et al. (1993; 1994a) experimentally inoculated boars intranasally 
with PRRSV. The boars were viremic from 7-14 days and seroconverted by the 
indirect fluorescent antibody and serum neutralization tests by 14 DPI. No 
decrease in semen characteristics or morphologic features were observed. 
PRRSV was detected in the semen through use of a swine bioassay in which 
semen from the boars was injected intraperitoneally into 4-8 week old pigs. Virus 
was detected in nearly all semen samples collected from four infected boars 
through 13, 25, 27, and 43 days, respectively. No virus was isolated from 
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reproductive organs of the boars. No gross or microscopic lesions attributable to 
PRRSV infection were observed. 
Yaeger et al. (1993) reported that gilts inseminated with fresh, not extended, 
semen collected from experimentally-infected boars produced infection in the gilts. 
The principal gilts became depressed, anorectic, and febrile for a 1-5 day period of 
time. The gilts seroconverted to PRRSV and failed to conceive following 
insemination. No abnormalities in sperm concentration, motility, or morphologic 
features in the semen were detected, however, a decrease in volume was seen. 
PRRSV was not isolated from the fresh semen of the boars. No gross or 
microscopic lesions were observed in the reproductive tracts of the boars or gilts. 
Swenson et al. (Swenson et al., 1994b) artificially inseminated six gilts with 
extended semen from a boar free of PRRSV and five became pregnant. That same 
boar was then inoculated intranasally with PRRSV, and 7 days post-inoculation, 
semen was collected and extended and used to Al five additional gilts. The boar 
was depressed and anorexic for 3 days post challenge. Sperm motility and 
morphology were within normal limits. The presence of PRRSV in fresh, not 
extended semen, was confirmed by a swine bioassay. The gilts remained clinically 
normal. Only one of five gilts became pregnant from the insemination. None of the 
gilts seroconverted to PRRSV on the IFA test and PRRSV was not isolated from 
serum or reproductive tracts of the gilts. No histopathological lesions were seen in 
the boar or gilts. There was no significant difference in pregnancy rates between 
control and virus-exposed gilts when extended semen was used. Transmission of 
virus through virus-contaminated extended semen was not detected. The 
researchers suggested that a higher minimum infectious dose may be required for 
intrauterine transmission than for intraperitoneal transmission. 
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Several conclusions were drawn from a review and assessment of the 
literature on the potential threat of Al as a means of transmission of PRRSV 
(Ulyshen, 1994). It was concluded that recently infected boars can shed PRRSV in 
their semen for at least 43 days post-infection. Unextended or "raw" semen from 
recently infected boars can produce infection if infused into the reproductive tracts 
of susceptible females. The reproductive tract may offer some barrier to infection 
as compared to the intraperitoneal route used in a swine bioassay. The process of 
extending semen may or may not destroy the virus, however, it likely at least 
decreases the infectivity by simple dilution. In summary, the author concluded that 
veterinary practitioners should probably be reluctant to discourage the use of Al on 
swine farms simply on the basis of acquiring PRRSV. Purchasing young adult 
breeding animals from multiple sources is probably more of a risk than purchasing 
and using extended semen. 
Pathogenesis of PRRSV in growing pigs 
The pathological findings in growing pigs, both gross and microscopic, have 
been minor in Britain, tending to be associated with the pathology due to the 
secondary infection rather than PRRSV itself (Done et al., 1995). Mild 
consolidation of the anterior lung lobe and moderately enlarged lymph nodes are 
the most consistent lesions observed in clinical cases of PRRS in Britain. If 
observed, a characteristic interstitial pneumonia with thickened interalveolar septa, 
accumulation of necrotic mononuclear cells, and an apparent loss of alveolar 
macrophages is reported. Likewise, Wensvoort et al. (1991a) reported no specific 
gross or microscopic lesions in clinical cases of PRRSV-affected pigs in The 
Netherlands. 
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Collins et al. (1992a, 1992b) also reported no gross lesion in piglets and 
sows from a herd in the U.S. experiencing PRRS. Microscopically, interstitial 
pneumonitis, encephalitis, and myocarditis were common. Of 14 pigs examined, 
13 had interstitial pneumonia characterized by alveolar septa thickened by 
macrophages and a few lymphocytes, and alveolar spaces sometimes containing 
aggregates of necrotic debris. Perivascular accumulations of lymphocytes, plasma 
cells, and macrophages were seen in the heart and brains of some pigs. 
Halbur et al. (1993a) investigated a case of PRRS characterized by severe 
enzootic pneumonia in nursery pigs in the U.S. Lungs from these PRRSV-infected 
pigs did not collapse, were edematous, and had multifocal-to-coalescing areas of 
pneumonia involving all lung lobes. Histopathological examination revealed 
moderate, acute, diffuse, proliferative interstitial pneumonia. Marked type 2 
pneumocyte hypertrophy and hyperplasia and mild septal infiltration by 
mononuclear cells were characteristic features of the PRRSV-induced enzootic 
pneumonia. 
An extensive laboratory investigation of PRRSV infection of three U.S. herds 
was described (Zeman et al., 1993). Grossly, the lungs of PRRSV-infected pigs 
were normal or heavy and incompletely collapsed. Ventral lobes sometimes 
appeared dark pink and felt firmer than normal. Interstitial pneumonia was 
characterized by lymphohistiocytic infiltration of alveolar walls, especially in 
neonatal pigs with respiratory distress. Airway necrosis has not been a feature of 
PRRSV pneumonia and was useful for differentiation from swine influenza virus 
induced interstitial pneumonia. Histopathological examination of field cases also 
occasionally revealed mild nonsuppurative inflammation in the brain or heart of 
PRRSV-infected pigs. 
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Dea et al. (1992a) reported no consistent or significant gross lesions in pigs 
from several cases of PRRS in Canada. Some live pigs had pulmonary edema 
and a grey-tan appearance and slight firmness of the lung tissue. Mediastinal 
lymph nodes were frequently enlarged. In only a few cases, a characteristic 
lymphohistiocytic interstitial pneumonia was seen. More of the pigs had 
proliferative and necrotizing interstitial pneumonia characterized by hyperplastic 
type 2 pneumocytes, infiltration of alveolar septa by mononuclear cells, free 
necrotic debris in alveolar lumens, and exudation of proteinaceous material in 
alveoli. 
Rossow et al. (1994c) described lymph node lesions in pigs congenitally 
exposed to PRRSV. The pigs were from sows that had been intranasally exposed 
to PRRSV at 86-93 days gestation. PRRSV had been isolated from precolostral 
serum of each pig indicating transplacental infection had occurred. Pigs from these 
sows were necropsied at 6,14, 21, or 40 days of age. Markedly enlarged lymph 
nodes with cortical and medullary spaces filled with clear fluid were observed. 
Edema of the spiral colonic mesentery was also observed. Lymph node lesions 
were characterized by necrosis, polycystic degeneration, polykaryocytes, germinal 
center hypertrophy, and hyperplasia. Interstitial pneumonia characterized by 
septal thickening with mononuclear cells, type 2 pneumocyte hypertrophy, and 
accumulation of necrotic debris in alveoli was also observed. 
Goonvaerts and Visser (1992) described pulmonary vascular lesions in 2 
day old pigs from a natural outbreak of PRRS. Marked swelling of endothelial cells 
of capillaries and small to large veins with disruption of endothelial integrity and 
diffusion of plasma proteins in the subendothelial layer was seen. Adhesion of 
platelets, fibrin, and red blood cells to damaged endothelium of smaller lung veins 
with subsequent thrombosis, degeneration, inflammation, and necrosis of the 
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tunica media and adventitia was observed. Swollen macrophages often 
containing hemosiderin were observed within the walls of damaged vessels and 
within alveolar spaces. The presence of calcium deposits and reorganization of 
the lesions suggested that the lesions had begun to develop before birth. It was 
suggested that damage to macrophages, which appear to be the main target of 
PRRSV replication, could contribute to coagulation defect by impaired clearance of 
activated clotting factors resulting in a consumptive coagulopathy and 
thrombocytopenia due to increased intravascular coagulation. This could partially 
explain the observation of excessive bleeding after tail-docking or hemorrhage at 
the site of iron injections as has been reported in the UK and in France (Done et al., 
1995). 
Concurrent bacterial septicemic infections that are commonly seen with 
PRRSV include Salmonella choleraesuis, Streptococcus suis, and Haemophilus 
parasuis. Pneumonias due to Actlnobacillus pleuropneumonlae, Pasteurella 
multocida, Mycoplasma hyopneumoniae, and Actinomyces pyogenes are also 
commonly diagnosed concurrent with PRRSV in nursery and grow-finish pigs 
(Zeman et al., 1993). Encephalomyocarditis virus, swine influenza virus, and 
porcine respiratory coronavirus commonly complicate PRRSV infections in growing 
pigs (Dea et al. 1992a: Done et al., 1995; Halbur et al., 1993a: Van Reeth et al., 
1994a: Van Reeth et al., 1994b). Halbur et al. (1995a) have reported that in 358 
confirmed cases of PRRSV infection submitted to the Iowa State University 
Veterinary Diagnostic Laboratory in 1994, concurrent bacterial or mycoplasmal 
infections were diagnosed in 48% of the cases, and concurrent viral infections 
were diagnosed in 13% of the cases. The presence of multiple pathogenic agents 
can make diagnosis of PRRS based on gross and microscopic lesions alone very 
difficult. 
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Disease has been experimentally reproduced with ceil culture propagated 
virus by inoculation of gnotobiotic pigs (Collins et al., 1992a, Collins et al., 1992b: 
Rossow et al., 1994b; Edwards et al., 1992; Halbur et al., 1993), cesarean-derived-
colostrum-deprived pigs (Pol et ai., 1991), specific pathogen-free pigs (Dea et al., 
1992a: Galina et al., 1992; Galina et al., 1994) or conventional pigs (Magar et al., 
1993; Plana Duran et al., 1992a; Plana Duran et al., 1992b; Ramos et al., 1992; 
Rossow et al., 1994d; Van Reeth et al., 1994a; Yoon et al., 1992a). A limited 
number of PRRSV isolates have been used in these experiments with low numbers 
of pigs of different ages, breeds, health and immune status. This has made it 
difficult to compare the work of different research groups. 
Collins et al. (1992a) were the first to do a complete description of the 
lesions reproduced with tissue homogenates and cell culture supernatant 
containing PRRSV. A series of 14 gnotobiotic piglets were used to do 3 blind 
passages of filtered lung homogenate originating from a herd experiencing an 
acute outbreak of PRRS. Challenge was intranasal at three days of age and 
piglets were necropsied at 7 or 8 days post exposure. Additional gnotobiotic pigs 
were intranasally inoculated with cell culture supernatant containing 10^ TCID50 of 
the third cell culture passage of PRRSV (ATCC VR-2332) and were euthanized at 7 
days post inoculation. Piglets inoculated with tissue homogenates were inappetent 
and inactive, and became thin and rough-haired. These pigs were mildly pyrexic 
and were observed to huddle, shake, and to rub their snouts. No signs of 
respiratory disease were observed. No gross lesions were observed. All pigs had 
microscopic lesions of multifocal interstitial pneumonia characterized by 
lymphohistiocytic septal thickening. Aggregates of degenerate cells characterized 
by hypereosinophilic cytoplasm and pyknotic nuclei were seen in the alveolar 
septa or mixed with proteinaceous debris in the alveolar spaces. A few 
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pneumocytes were mildly swollen and finely vacuolated. Lesions were generally 
absent in bronchi and bronchioles, however, terminal bronchioles and respiratory 
ducts were sometimes lined by hypertrophied epithelial cells. Multifocal vasculitis 
with lymphohistiocytic and plasmacytic perivascular cuffing was reproduced in the 
brains of 2 pigs. Nasal turbinate epithelium had squamous metaplasia, loss of 
cilia, and vacuolation. Neutrophils were observed within the epithelium and mixed 
mononuclear cells in the submucosa. 
Edwards et al. (1992) inoculated six gnotobiotic pigs oronasally with serum 
or tissue homogenates from field cases of PRRS in England. Only transient 
depression and mild pyrexia were observed at 4-5 DPI. Two piglets killed at 8 or 9 
DPI had interstitial pneumonia. A PRRSV designated Humberside strain H1 was 
isolated from 5/6 of the pigs sera. Additional gnotobiotic pigs were inoculated 
intranasally by alveolar macrophage culture propagated PRRSV Humberside 
strain H2. These pigs similarly had mild clinical disease and lesions, however, 2 
were continuously viremic for 56 days. 
Halbur et al. (1993a) inoculated four gnotobiotic pigs intranasally at 3 days 
of age with filtered lung homogenate that had been passaged once in conventional 
pigs. The lung homogenate originated from a U.S. herd with naturally occurring, 
severe, enzootic pneumonia of nursery pigs beginning at 5-7 days post-weaning. 
Experimentally-inoculated gnotobiotic pigs had severe respiratory distress, high 
fevers, and were anorexic and lethargic. Grossly the lungs failed to collapse and 
had mild patchy tan-red consolidation and edema. By nine days post-inoculation 
there was severe proliferative interstitial pneumonia characterized by type 2 
pneumocyte hypertrophy and hyperplasia, mononuclear cell infiltration of alveolar 
septa, and accumulation of necrotic cell debris and proteinaceous fluid in alveolar 
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spaces, Moderate-to-severe, multifocal, lymphoplasmacytic myocarditis was 
observed at 28 and 35 DPI. 
In The Netherlands, Pol et al. (1991) intranasally inoculated six-day-old 
cesarean-derived-colostrum-deprived (CDCD) piglets with 10^ TCID50 of LV from 
the third passage in primary alveolar macrophages. The pigs became listless, 
anorexic, and feverish from 2-8 DPI. Small, firm, pneumonic areas were observed 
in the frontal lobes of the lung at necropsy. Degeneration and swelling, loss of 
cilia, and desquamation of nasal turbinate epithelial cells was seen. Hydropic 
degeneration and desquamation of bronchiolar epithelial cells was seen. Diffuse 
interstitial pneumonia characterized by increased celiularity of alveolar septa and 
degeneration of cells lining the septa was also seen. The periarteriolar lymphoid 
sheaths, the thymic cortex, tonsillar crypts, and mesenteric lymph nodes were 
depleted of lymphocytes. Degenerated ellipsoids characterized by karyorrhexis 
and vacuolation were seen in the spleen. A non-specific hepatitis with dilated 
sinusoids containing many neutrophils and focal hepatocellular necrosis was 
described. 
Canadian researchers (Dea et al., 1992a) intranasally inoculated 4-week-
old specific pathogen free (SPF) pigs with tissue homogenates collected from 
stillborn fetuses. Prolonged fever and mild clinical signs of respiratory disease 
were seen. No gross lesions were observed, however, microscopic lesions of 
interstitial pneumonia characterized by thickened and highly cellular alveolar septa 
were observed at 8-14 DPI. A cytopathic agent (designated IAF-EXP91 virus) 
compatible with PRRSV was isolated from primary cultures of porcine alveolar 
macrophages inoculated with the lung tissue. Other Canadian researchers (Magar 
et al., 1993) intranasally inoculated 3-week-old conventional pigs with 104-6 to 
106-2 TCID50 of one of two macrophage passaged isolates of PRRSV. Mild 
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transient respiratory disease and fever were seen. Lesions of focal to diffuse 
interstitial pneumonia with necrotic debris, degenerated cells and macrophages in 
the alveoli were observed. 
Plana Duran et al. (1992a) described lesions in healthy pigs born to 
experimentally infected sows in Spain. Sows had been experimentally inoculated 
both intranasally and intravenously. Piglets born to these sows were necropsied at 
8 or 12 days of age. These pigs had small grey foci of consolidation at the margins 
of the lung. Mild, multifocal interstitial pneumonia with thickening of the alveolar 
septa by infiltrating mononuclear cells and accumulation of necrotic cells in 
alveolar spaces was characteristic. This same group of researchers (Plana Duran 
et al., 1992b) inoculated 2-month-old pigs intranasally. No clinical signs of disease 
were observed. Multiple foci of consolidation of the lung and congested lymph 
nodes were seen. Microscopically, interstitial pneumonia was detected. 
Other Spanish researchers (Ramos et al., 1992) described inoculation of 
weaned pigs intranasally with 105-6 TCID50 of the Huesca 1 isolate of PRRSV that 
had been propagated in alveolar macrophages. Clinical signs were unremarkable. 
At 9 DPI, pulmonary consolidation was especially pronounced in the cranioventral 
portions of the lung. Severe suppurative bronchointerstitial pneumonia was seen 
microscopically. 
Yoon et al. (1992a) inoculated four 6-week-old pigs intranasally with lO^ ^ 
IFID50 of the second passage of MN-la on primary swine alveolar macrophages. 
Inoculated pigs were clinically normal except for slightly elevated rectal 
temperatures and mild transient respiratory signs. No, or mild interstitial 
pneumonia was detected in the inoculated pigs, but severe interstitial pneumonia 
characterized by marked thickening of interalveolar septa with macrophages and 
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lesser numbers of lymphocytes and plasma cells was obvious In the two contact 
pigs. 
Galina et al. (1994) intranasally inoculated 13-17 day-old secondary SPF 
pigs with Streptococcus suis type 2 alone, PRRSV alone, or PRRSV followed by S. 
suis. Pigs inoculated with PRRSV followed by a challenge with a virulent strain of 
S. suis serotype 2 developed central nervous signs, suppurative meningitis, and 
large numbers of S. suis in their tissues. Pigs inoculated with PRRSV alone, or 
with S. suis alone, or with PRRSV and a nonvirulent strain of S. suis did not 
develop central nervous signs or meningitis or have large numbers of bacteria in 
their tissues. All of the pigs inoculated with PRRSV had respiratory distress 
characteristic of PRRS. The pigs developed interstitial pneumonia characterized 
by alveoli containing proteinaceous and karyorrhectic debris, increased numbers 
of macrophages and neutrophils and syncytial cells within alveolar spaces, and the 
presence of hypertrophied type 2 pneumocytes. Septal infiltration by mononuclear 
cells was less common. These results suggest that PRRSV predisposes pigs to 
infection and disease caused by a virulent strain of S. suis serotype 2. The 
predisposition may have been due to PRRSV-induced damage to nasal turbinate 
epithelium allowing entry of S. suis, or more likely, to the reduced function and 
number of alveolar macrophages. S. suis infections are difficult to establish 
experimentally and previously have been done successfully only with Bordeteiia 
bronchiseptica (Vecht et al., 1989). 
Van Reeth et al. (1994a) investigated the effects of single and dual infection 
of PRRSV with swine influenza virus (SIV) or porcine respiratory coronavirus 
(PRCV) in conventional pigs. The Leiystad virus strain of PRRSV was inoculated 
intranasally at a dose of lO^-S TCID50. The 91V44 isolate of PRCV and the 
A/Sw/Belg/83 (H1N1) isolate of SIV were also given intranasally at a dose of 10"^ 
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TCIDsoand EID50, respectively. PRRSV infection alone induced only mild, 
transient fever and respiratory disease. PRCV infection alone did not induce 
clinical disease. PRRSV and PRCV together induced markedly increased body 
temperatures, respiratory distress characterized by labored abdominal respiration 
and productive coughing, chilling, inappetence, listlessness, and growth 
retardation. Dual inoculation of PRRSV with SIV induced a similar, but even more 
severe, clinical disease progression. The authors concluded that infection with the 
LV strain of PRRSV alone may be inapparent, while severe respiratory disease and 
production losses may be experienced when common respiratory viruses are 
superimposed on PRRSV infection. Similar potentiation of disease has been 
described in natural, sequential infection of finishing pigs with PRRSV and a new 
variant of swine influenza virus A/swine/England/195852/92 (H1N1) (Kay et al., 
1994). 
Rossow et al. (1994d) investigated the effect of PRRSV inoculation on 1-, 4-, 
and 10-week-old conventional pigs to determine the effect of age on clinical signs, 
lesions, viremia, routes of shedding, antibody production and other parameters. A 
dose of 104-3 TCID50 (third passage in cell line CL2621) was given intranasally. 
The response of PRRSV infection was similar among the age groups. Fever, 
marked dyspnea, and cutaneous erythema were the most consistent clinical signs 
seen when the pigs were stressed by handling. Perioccular edema, conjunctivitis, 
and scrotal edema were observed only in the 1-week-old pigs. Only one pig had 
grossly visible lesions characterized by extensive tan consolidation of the lung. 
Interstitial pneumonia characterized by septal infiltration by mononuclear cells and 
accumulation of alveolar proteinaceous and karyorrhectic debris interspersed with 
macrophages and neutrophils was consistently seen in all groups. Alveolar 
lumens in the 1-week-old group contained increased numbers of syncytial cells. 
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Mild type 2 pneumocyte hypertrophy and hyperplasia was also seen. The authors 
found that all exposed pigs at 7 DPI had multiple foci of germinal center necrosis 
characterized by pyknotic lymphocyte nuclei and karyorrhectic debris. Germinal 
centers of the caudal mediastinal lymph nodes were enlarged and had many blast 
lymphocytes in the 1-week-old pigs. The 10-week-old pigs had germinal center 
necrosis with germinal center hyperplasia and hypertrophy in numerous lymph 
nodes and spleen. By 28 DPI, lymphoid hyperplasia and hypertrophy, but not 
necrosis, were common findings in various lymph nodes and lymphoid tissues. 
Lymphoplasmacytic rhinitis was seen in all the principal pigs at 7 and 28 DPI. 
Perivascular mononuclear cell cuffing was inconsistently observed in the brain of 
the 4- and lO-week-old pigs and rarely seen in the 1-week-old pigs. Mononuclear 
perivascular cuffing was common in the choroid plexus of the 4-week-old pigs. 
Subacute lymphoplasmacytic myocarditis was seen in all groups on 28 DPI . Virus 
was consistently isolated from lungs on 7 DPI but not at 28 DPI. Virus was isolated 
less than a third of the time from the lymph nodes, tonsil, and spleen at 7 and 28 
DPI. Virus was isolated much less frequently from nasal swabs, fecal swabs, and 
urine. PRRSV was isolated from serum, buffy coats, and plasma at 1, 4, 7,14, and 
21 DPI in all groups. It was concluded that 1-, 4-, and 10-week-old pigs had similar 
responses to PRRSV exposure based on clinical signs, microscopic changes, and 
virus isolation. 
Rossow et al. (1994d) discussed the pathology and virology results in their 
experiment in relationship to clinical expression of disease and potential routes of 
transmission. The increased interstitial cell population may contribute to the 
decreased pulmonary function resulting in dyspnea/cutaneous erythema after 
physical exertion. The multitude of lymphoid necrosis indicates viral distribution to 
these sites through blood and/or lymph with subsequent necrosis. The 
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lymphoplasmacytic myocarditis was a late feature of disease and the extent of 
myocardial damage and alterations in cardiac function is unknown. Serum was 
consistently the best source of virus throughout the trial. Lung and lymphoid 
tissues were consistent tissues for virus isolation early in disease, whereas virus 
was isolated only from tonsil, spleen, and mediastinal lymph nodes at 28 DPI 
suggesting clearance from the lung with persistence in lymphoid tissues. Feces, 
nasal secretions, and urine contained virus and represent routes for shedding. 
Mengeling et al. (1994, 1995b) found a marked difference in length of 
viremia between gilts and pigs. Intravenous inoculation of pregnant gilts resulted 
in viremia of 1-2 weeks duration, whereas, pigs from these gilts were viremic for 5-8 
weeks after birth. It was concluded that duration of viremia may depend on the age 
of the pig when first exposed to PRRSV. Alveolar macrophages collected from 
younger pigs have a greater susceptibility to PRRSV than those collected from 
older pigs (Mengeling et al., 1995b; Voicu et al., 1994). This may explain the 
duration of viremia in pigs of different ages assuming alveolar macrophages are 
the primary source of virus. This would suggest that disease would be more severe 
in the younger animals and that is compatible with what is observed in clinical 
cases of PRRS. 
The pathogenesis of PRRSV-induced respiratory disease is likely in great 
part due to destruction of alveolar macrophages. Reduction in the numbers of 
alveolar macrophages in PRRSV-infected pigs has been reported (Zhou et al., 
1992; Molitor et al., 1992; Plana Duran et al., 1992). The proportion of 
macrophages in the lavage was reduced from 95 percent to 50 percent in one 
study (Molitor et al., 1992) and by 40% in another study (Plana Duran et al., 
1992b). It has also been demonstrated that PRRSV-infection of alveolar 
37 
macrophages induced a dramatic increase in inflammatory cytokine expression 
and a significant suppression of nonspecific bactericidal activity (Zhou et al., 1992). 
Choi et al. (1994) demonstrated morphologic and functional heterogeniety 
among porcine alveolar macrophages (PAMs) with respect to phenotype, 
macrophage functions, and susceptibility to PRRSV. PAMs were fractionated into 
five subpopulations by Percoll density gradient centrifugation. PAMs from the 
lower density gradient showed increased Fc-receptor expression. In contrast, 
phagocytosis, superoxide anion production, TNF production, and susceptibility to 
PRRSV was increased with cell density. Therefore, it was concluded that changes 
in the number of PAMs in a given functional subpopulation may be of critical 
importance in determining the overall response of the lung to PRRSV infection. 
Voicu et al. (1994) also found circulating blood monocytes to be productively 
infected by PRRSV. It was speculated that virus dissemination to various organs of 
the host, across the placenta to the fetuses, to suckling piglets in colostrum and 
milk, and in semen to serviced sows, may occur via infected monocytes and 
macrophages. It was also discussed that the productive and lytic infection of 
monocytes and macrophages is likely to cause the release of a number of 
monokines such as IL-1, IL-6, IL-8, TNF, and IFN. 
PRRSV antigen has been detected utilizing monoclonal antibody based 
immunohistochemistry (IHC) in alveolar macrophages, in epithelial-like cells of 
alveolar ducts, and in macrophages in several tissues (Magar et al., 1993; 
Larochelle et al., 1994). Magar et al. (1993) used immunogold silver staining 
(IGSS) to detect PRRSV antigen in ethanol and in formalin-fixed tissues and in 
frozen lung sections. Dark cytoplasmic staining of alveolar and septal 
macrophages, and less often epithelial-like cells of alveolar ducts was seen. The 
presence of PRRSV antigen in ethanol-fixed tonsils, lymph nodes, and less often in 
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thymus and kidney, was also described (Magar et al., 1993). No description of 
antigen distribution or cell types containing PRRSV antigen in tissues other than 
lung was given. 
PRRSV antigen has also been detected by direct immunofluorescent 
antibody (FA) (Lager et al., 1994b), indirect FA (Raton et al., 1992b) and 
immunoperoxidase examination of frozen tissue sections (Pol et al., 1991) using 
polyclonal serum and monoclonal antibody. Viral antigen was detected by 
immunoperoxidase examination in bronchiolar epithelial cells, alveolar cells, and 
spleenic macrophages of pigs experimentally inoculated with Leiystad virus (Pol et 
al., 1991). PRRSV antigen was detected in the lung, liver, and kidney of fetal pigs 
which had been injected in utero with PRRSV (Lager et al., 1994b) and in the lung 
and spleen of pigs inoculated intranasally with tissue homogenates containing 
Leiystad-like virus (Paton et al., 1992b). A thorough comparison of the antigen 
distribution of different isolates in a common model as disease progresses over an 
extended period of time has not been done. 
Few detailed transmission electron microscopy (TEM) descriptions of 
PRRSV-induced in vivo changes have been done to date. Vacuolated alveolar 
cells containing LV-like particles were observed by Wensvoort et al. (1992c). Mild 
destruction of bronchiolar cilia and vacuolation of epithelial cells has also been 
reported (Done et al., 1995). Degenerate and necrotic cells in the interstitial 
infiltrate (neutrophils, plasma cells, type 2 pneumocytes), type 2 pneumocyte 
hyperplasia, and degeneration of bronchiolar epithelial cells was also detected by 
TEM (Ramous et al., 1992). 
There is evidence of considerable PRRSV strain variation (Halbur et al., 
1995a: Halbur et al., 1994b). Strain variation is a similarity among this entire group 
of arteriviruses. There are variants of LDV, EAV, and SHFV that differ in virulence 
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and also In Immunogeniclty (Plagemann et al., 1992a). The fact that some PRRSV 
isolates grow exclusively in one or the other of 2 cell systems (CL 2621 and PAMs) 
while others grow equally well in both systems further suggests that there may be 
strain differences (Bautista et al., 1993b). More research is needed to look at the 
significance and reasons for PRRSV strain differences. 
The literature suggests that PRRSV-induced disease and lesions in growing 
pigs is quite variable. The use of small numbers of pigs in several different models 
to study the pathogenesis of PRRSV has also, as expected, resulted in variable 
descriptions of pathogenesis of PRRSV-induced disease and lesions. Limited 
research has been done to characterize PRRSV antigen distribution and 
correlation with characteristic histopathological lesions. Even less has been done 
at the electron microscope level. More research in these areas will help clarify the 
pathogenesis of PRRSV-induced disease and the apparent differences in 
pathogenicity between PRRSV isolates. 
PRRSV Immune Response 
Initial observations of the unusual immune response to PRRS were made by 
Ohiinger et al. (1992a, 1992b). They observed that the virus and antibodies to 
PRRSV coexist for several weeks. They were unable to demonstrate spontaneous 
antibody-dependent cellular cytotoxicity with PRRSV-infected macrophages. Flow 
cytometric analysis for the detection of viral and cellular antigens on the surface of 
PRRSV-infected macrophages indicated a down regulation or loss of cellular 
antigens and failed to demonstrate the presence of viral antigens recognized by 
convalescent sera. These observations stimulated tremendous interest in the 
apparently unusual immune response to PRRSV. 
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Although It is not known if antibody plays a role in recovery from PRRSV, 
most animals that recover develop an antibody response and return to normal 
production levels within a few weeks to months after infection (Morrison et al., 
1992b). Prolonged viremia, despite the presence of high serum antibody response 
as measured by the immunoperoxidase monolayer assay (IPMA) or indirect 
fluorescent antibody assay (IFA), is a common feature of PRRSV infection 
(Edwards et al., 1992; Goovaerts et al., 1992; Nelson et al., 1994; Rossow et al., 
1994d: Voicu et al., 1994; Yoon et al., 1992b; Yoon et al., 1994). Serum antibodies 
against PRRSV as detected by a modified serum virus neutralization test appear at 
11-21 DPI (Nelson et al., 1994; Yoon etal., 1994), but, apparently these antibodies 
are at low level or are ineffective at neutralizing PRRSV in vivo. 
Nelson et al. (1994) evaluated the antibody response to PRRSV by IFA, SN, 
and immunoblotting. All pigs were positive by IFA by 14-21 days post exposure 
(DPE). Antibodies to specific viral proteins (15, 19, 26 kD) were initially 
demonstrated by immunoblotting at 7-21 DPE. Neutralizing antibodies were 
detected only in animals given multiple injections of virulent virus with adjuvant, 
and these antibodies appeared late (51-70 DPE), and persisted for only 232 days. 
Antibodies detected by immunoblotting persisted for the entire sampling period of 
340 days. 
Three structural proteins of 15, 19, and 26 kD have been reported for 
PRRSV (Nelson et al., 1993). The immune response appears to be directed to all 
three structural proteins with no clear correlation of the appearance of circulating 
antibodies as detected by IFA or SN tests with detection of antibody to a particular 
viral protein by immunoblotting. 
Molitor et al. (1992) and Zhou et al. (1992) evaluated the ability of PRRSV-
infected pigs to respond to foreign antigens. After PRRSV inoculation, pigs were 
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vaccinated at 1 day and 16 days with Brucella abortus, Escherichia co//pili 
antigens, and killed pseudorabies virus (PRV). Antibody responses were 
measured for six weeks and antigen-specific cell-mediated immunity was 
measured by priming animals with dinitrofluorobenzene (DNFB) at 1 DPI and 
challenging with DNFB at 21 DPI. Antibody responses to B. abortus and PRV were 
higher in all infected groups than in controls. Delayed type hypersensitivity 
responses were significantly higher and of longer duration in infected pigs versus 
sham-inoculated controls. So, instead of suppression, PRRSV was shown to 
enhance antigen specific responses. 
Neutralizing antibody titers of PRRSV-infected pigs have been shown in 
several continuous cell lines. In contrast, no neutralizing antibody titers have been 
detected using alveolar macrophages suggesting that virus antibody complexes 
can bind through Fc receptors (Choi et al., 1992). Choi et al. (1992) demonstrated 
that viral antigen production in cultured porcine alveolar macrophages was 
enhanced 2-4 times in the presence of antibody compared to virus alone, and titers 
were enhanced 10-100 times. These results suggest that antibody to PRRSV may 
not protect against infection and virus may exist in the form of immune complexes 
resulting in continuous replication and maintenance of persistent infection. 
The potential for antibody dependent enhancement (ADE) of PRRSV-
induced disease has been investigated in vivo (Yoon et al., 1994). 
Immunoglobulin was concentrated from four boars experimentally inoculated 56 
days previously with PRRSV. Four weanling pigs were injected intraperitoneally 
with concentrated PRRSV-specific IgG to produce antibody titers of >1:16. Sera 
was collected from the pigs over an 80 day period and tested for ADE activity. ADE 
activity was assayed by measuring the effect of undiluted serum on PRRSV 
replication in PAMs. ADE was observed in all pigs between 23 and 27 DPI, and 
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peaked between 41 and 44 DPI and then declined to undetectable levels between 
55 and 59 days. This work suggests that pigs with passive antibodies may be 
subject to a period of increased susceptibility to PRRSV. 
Pathogenesis of Related Viruses: EAV, SHFV, LDV 
Equine Arteritis Virus fEAV) 
Equine arteritis virus rarely causes clinical disease (Den Boon et al., 1991). 
Clinical features are acute anorexia and fever, palpebral edema, conjunctivitis, 
nasal catarrh, and edema of the legs, genitals, and ventral midline. Infections of 
mares may result in abortion. EAV was generally considered unimportant until an 
epidemic occurred on a number of Thoroughbred breeding farms in Kentucky in 
1984 (Timoney et al., 1986). 
McCollum et al. (1971) studied the temporal distribution of EAV in 
respiratory mucosa and tissues and body fluids of horses after aerosol exposure. 
Results suggested that the lung was the site of initial infection and that the virus 
spread to the bronchial lymph nodes with subsequent widespread dissemination to 
many tissues via the circulatory system with lymph nodes having the highest 
concentration of virus. Disappearance of virus from the serum roughly coincided 
with the first appearance of neutralizing antibody at 7-9 days post exposure. 
Prickett et al. (1972) described the progression of lesions following 
experimental inoculation. Excessive pleural and peritoneal fluid, edema along the 
course of the colonic and cecal veins, and enlarged lymph nodes were evident by 
4-6 days. Terminally, these horses developed subcutaneous edema and great 
quantities of fluid in the pleural and peritoneal cavities. Infarcts were present in the 
cecum and colon. Massive necrosis of lymph node germinal centers was 
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characteristic, as was multifocal hemorrhage. There was massive necrosis of the 
mucosa, submucosal edema, and panvasculitis of submucosal vessels in the 
cecum and colon. The vasculitis most severely affected small muscular arteries. 
Vasculitis and hemorrhage were also observed in the adrenal cortex, spleen, and 
lung. Development of severe arteritis and glomerulonephritis after the 
demonstration of circulating antibodies suggests that they may be related to 
antigen-antibody reaction rather than the direct action of the virus. 
Estes and Cheville (1970) described in detail the morphology of the vascular 
damage and the location of the virion of EAV. Virions compatible with EAV were 
seen within cytoplasmic vacuoles in damaged endothelial cells. Estes and 
Cheville (1970) did not observe EAV virions within degenerating vascular muscle 
cells. They suggested that the extensive medial necrosis of small muscular arteries 
was anoxic in origin due to extensive endothelial cell damage of the vessel and of 
the vasa vasorum. 
Simian Hemorrhagic Fever Virus (SHFV^ 
SHFV can establish lifelong, viremic, persistent infections in a number of 
species of African monkeys, which remain asymptomatic. Spread of the virus to 
Asian macaques usually results in fatal hemorrhagic fever. As is the case with 
LDV, there is evidence that variants of SHFV exist that differ greatly in virulence 
(Plagemann et al., 1992). Allen et al. (1968) and Abildgaard et al. (1971) have 
done extensive studies on the pathology of natural and experimental cases of SHF. 
The disease is characterized by sudden onset of fever, facial edema, erythema, 
proteinuria, various hemorrhagic manifestations, and nearly 100% mortality in 
clinically evident cases. Constantly occurring gross lesions were hemorrhages in 
the intestine and lung, splenomegaly, and palor of visceral organs and bone 
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marrow. Patchy or diffuse meatiness of the lungs was less often seen. Intestinal 
hemorrhage was predominately mucosal with severe congestion and sometimes 
fibrinous thrombosis of villus capillaries and submucosal veins. Testicular 
hemorrhage was found in several monkeys that had clinically evident scrotal 
edema. On cut surface of the spleen, the small follicles were widely separated and 
surrounded with a narrow zone of bright red hemorrhage. Microscopic lesions in 
the spleen were characterized by engorgement of cords by plasma and fibrin, 
perifollicular hemorrhage, follicular atrophy and hemorrhage, and atrophy of 
periarteriolar lymphoid sheaths (PALS). Mild to severe centrifollicular necrosis was 
seen in nearly all lymph nodes, the tonsils, and Peyer's patches. These lymphoid 
changes are thought to be a result of shock-induced hypoxia. Hemostatic changes 
in animals with SHF were suggestive of disseminated intravascular coagulation. 
Endothelial damage as a result of primary viral replication with resultant vasculitis 
and thrombosis could account for most of the pathological changes observed in 
these SHFV-infected animals. 
Lactate Dehvdroaenase-Elevatino Virus flDV) 
Three recent reviews have been published on the pathogenesis, replication 
and biology of LDV (Rowson et al., 1985; Cafruny 1989; Plagemann et al., 1992b). 
One review particularly focuses on the host response to LDV and LDV-related 
pathogenesis (Cafruny, 1989). As the name implies, LDV causes elevations in the 
blood concentrations of several enzymes including the muscle type of lactate 
dehydrogenase (LDH). Peak blood titers of LDV are attained within 24-36 hours 
post-infection and five-to-ten fold elevations of LDH blood levels are seen by 3 
days post inoculation (DPI). The clearance of other plasma enzymes such as 
alkaline phosphatase is not affected by LDV infection. The elevation of blood 
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enzymes has been shown to occur because of decreased clearance of the 
enzyme, and it is assumed that this is the result of the replication of LDV in a 
subpopulation of macrophages responsible for clearance of the muscle type of 
lactate dehydrogenase. LDV replicates primarily within a subpopulation of 
macrophages and under certain circumstances it may replicate within cells of the 
central nervous system. 
Histological examination usually reveals no lesions in LDV-infected mice 
despite persistent blood levels of 10^ to 10® IDso/ml (Rowson et al., 1985). An 
increase In spleen and lymph node mass and a slight decrease in thymus weight 
have been reported. Germinal center hyperplasia is most consistent. The 
presence of circulating virus-antibody complexes appears to produce little tissue 
reaction. 
When C58 and AKR strains of mice are greater than 10 months old before 
infection they may develop a fatal paralytic disease within 2 to 3 weeks of exposure 
to neuroparalytic strains of LDV. LDV-induced age-dependent poliomyelitis 
(ADPM), in these mice has genetic, immunologic, and viral components (Cafruny, 
1989). Destruction of neurons in the grey matter with mild perivascular 
inflammation but no evidence of meningitis or demyelination is observed (Rowson 
et al., 1985). ADPM is induced only in high-leukemic mouse strains of mice which 
are permissive for induction and replication of endogenous ecotropic murine 
leukemia virus (MuLV). These and other data suggest that expression of the 
endogenous MuLV is associated with formation of a novel surface component that 
acts as an alternate receptor for certain mutants of LDV that recognize this receptor 
(Plagemann et al., 1992b). Susceptibility of mice to ADPM may depend on the loss 
of a subpopulation of thy-1,2+ cells which occurs with advancing age or treatment 
with cyclophosphamide (Rowson et al., 1985). 
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Macrophages productively-infected with LDV in cell culture have 
characteristic morphologic alterations (Stueckemann et al., 1982a: Stueckemann 
et al., 1982b: Rowson et al., 1985: Cafruny, 1989: Plagemann et al., 1992b). These 
consisted of formation of clusters of double-membrane vesicles (DMVs) with a 
diameter of 100 to 300 microns, high density of polyribosomes near these DMVs, 
budding of nucleocapsids into vesicles with single membranes and accumulation 
of mature virions in the single membrane vesicles. The function of the DMV is 
uncertain and there is little evidence that it plays a role in virus replication. It has 
been suggested that the formation of DMV is a response of the macrophages to the 
cytocidal insult of the virus. No surface budding has been observed so it is likely 
that the mechanism of virus release is by exocytosis or lysis of the infected cells. If 
in fact the LDV virus-producing cells are destroyed in the process, this would 
explain the sudden end of rapid virus production, which is seen in vivo and in vitro, 
and the low level of virus production which is maintained in both the mouse and 
cell cultures during the prolonged chronic phase of infection (Rowson et al., 1985). 
LDV appears to enter permissive cells via trypsin-sensitive receptor-
mediated endocytosis (Plagemann et al., 1992b). Twelve hours after cultivation in 
the absence of trypsin the macrophages again become permissive. Evidence 
suggests that class II products of the major histocompatibility complex (MHC) 
known as la antigens may play a role in LDV-macrophage attachment to 
immunologically-active cells (Inada and Mims, 1984: Inada and Mims, 1985a; 
Inada and Mims, 1985b). There is correlation between the proportion of LDV-
permissive cells and expression of detectable la antigen. Trypsin treatment of 
macrophage cultures eliminates both la antigen-positive and LDV-permissive 
macrophages, la antigens rapidly disappear from LDV-infected cultured 
macrophages coincident with loss of LDV-permissive cells. Dual labeling of LDV-
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infected cultures with antibodies to la and LDV antigens showed correlation in that 
85% of the la-positive ceils became LDV-infected. SJL/J mice have increased 
expression of la-positive as well as LDV-infectable cultured macrophages. These 
facts together suggest that the macrophage LDV receptor may be the la antigen. 
LDV is highly immunogenic and mice develop a strong antibody response to 
LDV, however, this response is ineffective in clearing the virus from the body 
(Rowson et al., 1985; Cafruny, 1989; Plagemann et al., 1992b). LDV viremia is not 
affected by inhibition of anti-LDV immune responses by treatment of mice with 
cyclosporin or depletion of T lymphocytes. Rabbit anti-LDV antibodies, however, 
have been found to be neutralizing suggesting that the mouse may be deficient in 
production of a particular class of antibodies directed at neutralizing epitopes. LDV 
replication and long-term viremia are about the same in nude mice that fail to 
mount an anti-LDV immune response as in wild-type mice. SCID mice seem to 
have a higher proportion of LDV-permissive macrophages, and this may be the 
reason that there is higher persistent replication of LDV in these mice. 
Infected cells disappear from the spleens of infected mice by 2 or 3 DPI and 
LDV-permissive macrophages are continuously generated in vivo from 
nonpermissive precursors contributing to the potential for persistent infection 
(Cafruny, 1985). The combined effects of near exhaustion of permissive 
macrophages and a qualitatively restricted antiviral immune response limit LDV 
replication in a manner which is conducive to maintenance of permissive state 
(Cafruny, 1989). Virus-antibody complexes may be formed in such a way that the 
virus infectivity survives. The failure of the mouse anti-LDV immune response to 
effectively neutralize the virus appears to be a property of the host immune 
response itself, rather than an inherent property to the virus (Cafruny, 1989). 
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Polyclonal B cell activation has been demonstrated by LDV infection 
(Rowson et al., 1985). LDV has been described as having an apparent adjuvant 
effect on the humoral immune response. This polyclonal activation appears to be a 
primary response to LDV infection but it is transitory. This has been observed with 
injected human gamma globulin, DNP-bovine gamma globulin, sheep 
erythrocytes, and DNP-Ficoll. LDV-infected mice have been found to have 
between three and ten times as many antibody producing cells in their spleens 
(Rowson et al., 1985). 
In chronically infected mice, polyclonal activation is not observed. This may 
be due to destruction of antigen presenting macrophages by the virus. Antigen-
primed T-cells, when challenged in vitro by antigen-presenting LDV-infected 
macrophages, were significantly less responsive than similar cells challenged by 
uninfected antigen-presenting macrophages (Isakov et al., 1982b; Isakov et al., 
1982c). 
Antibody development has been shown to enhance replication of LDV 
(Plagemann et al., 1992b). The presence of anti-LDV antibodies leads to 
enhanced infection in cultured macrophages (Cafruny, 1989). The mechanism of 
antibody-dependent enhancement of LDV infection is thought to be through 
attachment of virus-antibody complexes to Fc-receptors present on the surface of 
target macrophages. 
Epidemiology of PRRS 
Prevalence of PRRSV 
PRRSV appears to have entered a naive swine population in Iowa between 
1980 and 1985 (Owen et al., 1992; Hill et al., 1992). Once in the population the 
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prevalence increased quickly from 0% (0/118) infected herds in 1980 to 63% 
(17/27) of the herds by 1988. 
Bautista et al. (1993a) also used sera collected in 1990 as part of the 
National Animal Health Monitoring System (NAHMS) to determine seroprevalence 
of PRRSV in 412 swine herds in 17 states. Of the 412 herds, 36% were positive. 
The prevalence ranged from 0% in Oregon, Pennsylvania, and Tennessee to 82% 
in Michigan. The mean and median seroprevalence of herds within states was 
33% and 29%, respectively. Because sampling of each herd was minimal (10 or 
less samples from sows or gilts), and because of antigenic diversity of PRRSV, the 
seroprevalence is likely even higher. This survey also indicates that there is a 
higher seroprevalence than is indicated by reports of clinical outbreaks and that 
subclinical infection may be common. 
In another NAHMS study, sera collected in 1990/1991 from 396 farms from 
17 states were tested and 36% of the herds were positive (Morrison et al., 1992a). 
In another study, the seroprevalence of seedstock pigs in Minnesota found 12% 
and 67% of the sows and finishing pigs to be positive, respectively (Loula, 1992). 
Bautista et al. (1993c) more recently did a serologic survey for Leiystad (LV) 
and VR-2332 strains of PRRSV in U.S. swine herds. A total of 837 porcine sera 
from 87 farms in 18 different states were tested. All samples were tested for 
antibody to both LV and VR2332 strains. Results showed that 57.2% were positive 
for antibodies to 1 or both strains. Of the positives, 20.1% were positive for the LV 
strain only, 43.8 % for VR2332 only, and 36.1% were positive for both strains. Of 
the 87 farms represented, 70.8% were positive for antibodies against both strains. 
Whether this is due to mixed infections or to the occurrence of cross-reactions 
during the later stages of infection is not known. Virus infection in nearly 20% of 
the farms would have been missed when using only VR2332 in the IFA test. 
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Cho et al. (1993) tested 2787 sera collected in 1992 from 263 swine herds in 
the U.S. In this bank, 35.1% had PRRS IFA titers of >1:16 and 148 (56.3%) farms 
had 1 or more pigs that were IFA positive. These samples had been submitted to 
the laboratory for serodiagnosis related to either reproductive or respiratory 
problems or both. 
Transmission of PRRSV 
The movement of infected pigs and local airborne spread appear to be the 
most likely and logical means to explain the rapid transmission of PRRSV. 
Evidence for airborne spread over distances of 3-5 km has been published 
(Edwards et ai., 1992; Mortensen et al., 1992). The introduction of carrier pigs into 
a susceptible population is clearly a common route of infection (Gordon, 1992; Dee 
et al., 1994b: Edwards et al., 1992; Robertson, 1992b). One report describes an 
outbreak in a herd 28 days after introduction of infected gilts (Gordon, 1992). 
Contact infection has been reproduced experimentally by several groups (Yoon et 
al., 1992a; Yoon et al., 1993; Terpstra et al., 1992; Zimmerman et al., 1992; 
Wensvoort et al., 1992). In one report, young pigs became seropositive when 
comingled with sows that had been infected with PRRSV (ISU-P) 99 days earlier 
indicating that recovered, clinically healthy pigs may serve as a source of infection 
(Zimmerman et al., 1992). 
In continuous flow production farms, the enzootic pneumonia syndrome is 
probably maintained by virus shedding from older viremic pigs coming into close 
contact with younger naive pigs (Stevenson, et al., 1993a; Stevenson et al., 
1993b). However, the infection also appears to be maintained in some all-in-all-
out operations suggesting that horizontal pig-to-pig transmission may not be the 
only means of transmission (Loula, 1992). 
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Potter (1994) reported the non-transmission of PRRSV by seropositive pigs 
from an infected farm. A 600-sow multiplication herd was diagnosed serologically 
as infected with PRRSV. In the preceding 8 weeks, in excess of 250 boars had 
been delivered from this supplier to 67 commercial herds. Nine of those 67 herds 
were monitored closely and it was discovered that none of the breeding pigs 
distributed from the multiplier herd, after it had been infected, appeared to have 
transmitted the infection to herds into which they were introduced. It was 
suggested that this in part may be due to the isolation of the incoming boars in 
training paddocks for extended periods of time before introduction into the 
breeding herd. 
Virus has been isolated from nasal swabs, tonsil swabs, fecal swabs, and 
urine, suggesting multiple potential routes of shedding (Edwards et al., 1992; 
Rossowet al., 1994d: Yoon et al., 1993; Joo et al., 1993). Wills et al. (1994) have 
been unsuccessful in reproducing aerosol transmission of PRRSV over short 
distances between chambers of infected and susceptible pigs despite airflow 
movement in that direction. Airborne transmission of PRRSV also did not occur 
from infected pigs on the floor to susceptible pigs sharing a common airspace in 
the deck above (Wills et al., 1994). 
Transmission of PRRSV in semen has been suspected from clinical studies 
(Edwards et al., 1992; Robertson, 1992a; Robertson, 1992b). Experimental 
reproduction of the presence of PRRSV in semen has been documented (Swenson 
et al., 1993; Swenson et al., 1994a; Yaeger et al., 1993). Although PRRSV has not 
been directly isolated from semen, transmission has been indicated by 
intraperitoneal injection of semen collected up to 43 days post infection into 4-6 
week-old pigs which subsequently seroconvert to PRRSV (Swenson et al., 1993; 
Swenson et al., 1994a). Yaeger et al. (1993) demonstrated that fresh unextended 
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semen collected from boars infected 5 days previously caused clinical disease, 
failure to conceive, and seroconversion in inseminated gilts. Artificial insemination 
of gilts witli extended semen from a boar experimentally inoculated with PRRSV 
was unsuccessful in transmission of PRRSV (Swenson et al., 1994b). 
Stallions infected with EAV have been shown to shed virus in semen for an 
extended period of time (Timoney et al., 1986; Plagemann et al., 1992b). The 
chronic carrier state was virologically confirmed in 9 of a group of 25 and in 6 of a 
group of 18 Thoroughbred stallions naturally-infected with EAV based on the 
results of test matings and/or isolations of virus from semen. EAV was isolated from 
the semen of 13 of 15 chronic carriers. In some instances, infection of mares with 
EAV via semen was associated with clinical signs characteristic of EAV. Carrier 
stallions shed virus in semen for at least 1-2 years. The frequency of long-term 
carrier state in stallions naturally infected with EAV was 5 percent. Stallions 
appear to play an important epidemiological role in dissemination and 
perpetuation of EAV. 
Persistent infection is a common characteristic of LDV, EAV, and SHFV 
(Plagemann et al., 1992b: Plagemann et al., 1992c) and has been suspected of 
PRRSV. Once a pig herd has become infected with PRRSV, the infection appears 
to persist in the herd (Terpstra et al., 1992). Zimmerman et al. (1992) reported 
transmission of PRRSV by direct contact between susceptible animals and sows 
infected 99 days earlier. Albina et al. (1994a) demonstrated transmission of 
PRRSV by pigs infected 15 weeks earlier. Wills et al. (1995) demonstrated 
isolation of PRRSV from swabs and scrapes of the oropharynx of 3 of 4 pigs at 56, 
70, and 84 days post inoculation. Virus was isolated from 1 pig at 157 days post 
inoculation, which was 134 days after the virus was last isolated from serum. It was 
suggested that the mechanism of transmission in all these studies involves 
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persistent colonization of the upper respiratory tract and probably the palantine 
tonsils by PRRSV. 
Several factors may contribute to the persistence of PRRSV in a herd. Some 
sows may escape initial infection and become infected later (Terpstra et al., 1992; 
Wensvoort et al., 1992b; Albina et al., 1994a). The extended periods of viremia 
and viral shedding allow for transmission of virus from older stock to younger 
recently-weaned stock when passive antibody wanes. A rapid decrease in passive 
antibody makes pigs susceptible to PRRSV infection near the time of weaning 
(Albina et al., 1994a). PRRSV seems to persist in the nursery stage of production 
on many farms (Loula, 1992; Stevenson et al., 1993a; Stevenson et al., 1993b; 
Thacker, 1992; Dee et al., 1994d). Introduction of susceptible breeding stock into 
enzootically-infected, but subclinical herds, may also continue the movement of 
virus through the breeding herd with subsequent transmission to the piglets and 
nursery pigs (Dee et al., 1994d; Albina et al., 1994a). There is one report, however, 
where PRRSV has been shown to spontaneously disappear from a previously 
infected herd (Freese and Joo, 1994). 
Albina et al. (1994a) found that pigs born to sows infected at 90 days 
gestation had seroconverted to PRRSV by 7 weeks. When these pigs were 12 
weeks old they did not excrete sufficient virus to infect contact exposed pigs. 
However, when the pigs were stressed and treated with exogenous corticosteroids 
at 22 weeks they were infectious to contact pigs. 
Hooper et al. (1994) were unsuccessful in isolation of PRRSV from feral 
mice and rats from a farm endemically infected with PRRSV. Experimental 
inoculation of Balb/c mice and Fischer-344 rats was also unsuccessful in 
documentation of infection or transmission of PRRSV. Laboratory mice and rats do 
not seem to be a reservoir nor means of transmission of PRRSV. 
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One study suggests that avian species may be a nonproductive reservoir for 
PRRSV. Zimmerman et al. (1993a) isolated PRRSV from the feces of guinea fowl 
(5 and 12 DPI), and mallard ducks (5-24 DPI) which had been exposed to PRRSV 
in the drinking water. 
Diagnosis of PRRS 
There are several recent reviews on the diagnosis of PRRS (Van Alstine et 
al., 1993a: Halburet al., 1994c, Christiansen etal., 1994; Goyai, 1993). PRRS 
diagnosis is made with the combination of typical clinical signs, gross and 
microscopic lesions, virus isolation results, antigen detection in tissues, and serum 
antibody detection. 
Clinical signs 
As the name of the disease implies, two main clinical signs, reproductive 
failure and respiratory disease are commonly associated with the disease. Clinical 
signs and production losses vary widely between herds. Many infections are 
inapparent and are discovered only by serologic surveys. Other infections are 
devastating in all stages of production on the farm. For purposes of completion we 
will describe the disease by pig age, remembering that not all farms have disease 
in all stages of production. Some farms may have inapparent infection, others 
severe reproductive and respiratory disease, others only reproductive or 
respiratory disease. 
In a naive sow herd, disease often is first recognized as a rolling anorexia 
and fever (40-41C) where 5-25 percent of the animals in the breeding herd are 
anorexic, lethargic, and feverish for a 1-7 day period of time. Reproductive failure 
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may follow. Transient blue discoloration of the ears, tail, abdomen, snout and 
random patches of skin is infrequently reported, mostly in Europe (Done et al., 
1995). Adults infrequently experience respiratory disease. The acute reproductive 
phase is characterized by anorexia, premature farrowings, increased numbers of 
stillborn pigs, and weak piglets at birth (Dee and Joo, 1994a). Stillborn pigs and 
mummified fetuses on acutely infected farms have increased from 1.5 and 6.0% to 
25 and 35%, respectively (Dee and Joo, 1994a). Retention of fetuses that may 
result in sow death is also a common finding in herds with (Dee and Joo, 1994a). 
Vomiting and central nervous system (CNS) signs are infrequently reported. The 
acute reproductive phase typically lasts from 2 to 3 months after which reproductive 
values return to normal. Decreased farrowing rates and early return to estrus may 
be persistent features (Done et al., 1995). 
Enzootically infected breeding herds may be, and often are, clinically 
normal. Farms often return to normal reproductive status within 3-4 months of an 
acute outbreak of PRRS, however, endemic infection of nursery pigs on these 
farms may continue for several years (Stevenson et al., 1993a: Stevenson et al., 
1993b; Halbur et al., 1993a). 
Recurrent reproductive problems caused by PRRSV have been reported 
(Dee and Joo, 1994a). Cycles of high conception failure (21.5%), stillbirths 14.6%), 
preweaning mortality (25.7%), and sow death loss (26.3%) have been reported in 
enzootically infected herds (Dee and Joo, 1994a). High seroprevalence of PRRSV 
antibodies can be found at all stages of production in herds with recurrent 
reproductive problems. Introduction of seronegative animals into seropositive 
gestation and breeding facilities may encourage recurrent PRRSV-related 
reproductive problems (Dee and Joo, 1994a). It appears that exposure to PRRS 
virus prior to breeding is critical for prevention of reproductive disease and 
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emphasizes tine need for monitoring the serologic status of replacement gilts and 
proper acclimatization of them to the recipient herd (Dee and Joo, 1994a: Dee et 
al., 1994b). 
Piglets may be born weak or quickly become so. Labored abdominal 
respiration, unthriftiness, fading, splay-leggedness, muscle tremors, eyelid edema, 
conjunctivitis, and fever are common in newborn and nursing pigs (Done et al., 
1995; Done et al., 1992). Producers often refer to the pigs as "thumpers" in 
reference to the respiratory distress. Less common signs of PRRS in neonates 
include vomiting, diarrhea, and CNS disease. Preweaning mortality can average 
80% (Loula, 1991). Navel bleeding and excessive bleeding after tail docking or at 
sites of iron injections has also been observed (Done et al., 1995). Morbidity may 
reach 80% and mortality may reach 100% of those that show clinical signs in the 
neonatal pigs. 
Clinical signs in 3-10 week old pigs in the nursery phase of production are 
quite variable. Pigs from high-health-status farms as well as conventional-health-
status farms are affected (Loula, 1991). The most consistent signs observed in 
weaned pigs include respiratory distress, increased secondary infections leading 
to scours and rhinitis, increased mortality, and decreased performance (Zeman et 
al., 1993; Poison et al., 1994). The clinical disease expression often depends on 
concurrent viral or bacterial infections (Halbur et al., 1993a: Halbur et al., 1993b: 
Halbur et al., 1995a). Nursery and grower death rate may reach 1-25 percent 
especially in herds with secondary infections such as Salmonella choleraesuis, 
Streptococcus suis, Haemophilus parasuis, encephalomyocarditis virus, swine 
influenza virus, or porcine respiratory coronavirus (Done et al., 1995). 
Clinical signs in the 10 week to market age (24 weeks) groups particularly 
depend on concurrent infections and the production and management style 
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employed by the unit (Loula, 1991). Anorexia, listlessness, tachypnea, and 
hyperexcitabillty have been reported (Keffaber, 1989). Scouring is a relatively 
common sign in British cases where black or bloody diarrhea is frequently 
observed in PRRSV herds. In most herds the pigs appear to eat less and have 
respiratory problems (Done et al., 1995). Coughing has not been a feature of 
PRRS in Britain or the U.S. and this helps differentiate PRRS from swine influenza 
(Done et al., 1995; Haibur et al., 1993b). 
Pathologv 
Diagnostic pathologists have summarized the gross and microscopic lesions 
associated with PRRSV infection in clinical cases (Haibur et al., 1994c: Van Alstine 
et al., 1993a: Zeman et al., 1993). No gross or microscopic lesions are typically 
observed in the fetuses or placenta. Examination of fetuses and placenta, although 
often unrewarding, is necessary to rule in/out other causes of porcine abortion. 
Gross lesions typical of PRRS and of diagnostic use in young pigs include a 
multifocal-to-diffuse, tan-mottled pneumonia, and enlarged, tan-colored lymph 
nodes. Histopathological examination may reveal an interstitial pneumonia and 
lymphadenopathy typical of PRRS. The pneumonia may be complicated by 
secondary or concurrent viral and bacterial infections making definitive 
histopathologic diagnosis difficult. Nonsuppurative rhinitis, encephalitis, and 
myocarditis are less often seen in field cases. 
Virus isolation 
The advantages of virus isolation include: (1) confirmation of infection: (2) 
detection of infection when characteristic lesions may be absent or are obscured by 
secondary bacterial infection: (3) detection of subclinical carrier animals. 
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Disadvantages of virus isolation include; (1) the requirement of specialized cell 
culture materials: (2) length of time needed to complete the procedure; (3) and only 
specific animals and tissues may harbor the virus at the time of sample collection 
(Zeman et al., 1993). 
PRRSV is now routinely isolated by many diagnostic laboratories in several 
cell culture systems including; porcine alveolar macrophages, CL 2621, MA 104, 
MARC 145, and CRL 17111 cells. Because of differences in the abilities of some 
cell lines or systems to support the growth of some isolates, some laboratories use 
both PAMs and one of the established cell lines. In general, PAMs appear to 
support the growth of the most isolates, however, this system is more expensive 
and time consuming and has the added disadvantage of inconsistency of supply 
and possible contamination. Recently, a highly permissive clone of MA-104 has 
been established (Kim et al., 1993) and made widely available to diagnostic 
laboratories. Virus isolation from fetal and placental tissues from field cases is 
often unrewarding. The virus is apparently susceptible to changes associated with 
autolysis. Better success is found in isolation of the virus from serum, lymphoid, 
and lung tissues of neonatal and growing pigs. It is important to keep samples 
refrigerated. 
Mengeling et al. (1995a) reported increased success in isolation of PRRSV 
from direct cultures of alveolar macrophages flushed from infected pig lungs. The 
macrophages could be examined for the presence of PRRSV antigens after 
culturing in vitro for as short as 1 hour. These researchers found macrophages to 
be more reliable than serum, lungs, or 27 other tissues for detection of virus or viral 
antigens in older pigs more than 3 weeks post exposure. 
PRRSV is relatively easily inactivated in tissues at 25C after 24 hours, 
therefore if PRRSV isolation is desired, tissues should be immediately frozen or 
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chilled after necropsy. Serum is an excellent sample for virus isolation and has a 
sparing effect on virus viability in the suboptimal time and temperature conditions 
that occur during shipment (Van Alstine, 1993b). Also, PRRSV can be isolated 
from the serum of nursery age pigs for approximately 4-7 weeks following natural 
exposure (Stevenson et al., 1993b). This increases the chances of selecting a 
viremic pig when selecting from an endemically-infected nursery. 
Antigen detection 
The use of direct fluorescent antibody (FA) assays for PRRSV antigen 
detection in frozen tissue sections has been described (Zeman et al., 1993; Pol et 
al., 1991: Lager et al., 1994b). The FA test on cryostat sections of fresh lung of 
neonatal pigs with respiratory distress is useful. Advantages include the short 
amount of time to perform the test relative to virus isolation and the ability to detect 
the antigen in tissues possibly unsuitable for virus isolation. Disadvantages 
include the degree of subjectivity involved in reading the slides and the variable 
amount and distribution of antigen in the tissue. 
Immunohistochemistry techniques have also been developed for PRRSV 
antigen detection (Mager et al., 1993; Larochelle et al., 1994; Halbur et al., 1994a: 
Halbur et al., 1995b; Halbur et al., 1995d). These are most successful when 
performed on recently infected pigs (less than 28 days) and when utilizing a 
monoclonal antibody that recognizes the nucleocapsid protein of PRRSV. 
Immunohistochemistry (IHC) techniques allow for detection of antigen in tissues 
with secondary bacterial infections which may preclude isolation of virus. IHC also 
allows for retrospective studies and correlation of the presence of antigen with 
typical lesions. 
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Serology 
Several serologic tests have been developed to detect antibodies to PRRSV 
in swine sera. These tests include the immunoperoxidase monolayer assay (IPMA) 
(Wensvoort et al., 1991a), indirect fluorescent antibody (IFA) assay (Yoon et al., 
1992b), enzyme-linked immunosorbent assay (ELISA) (Albina et al., 1992a: Albina 
et al., 1992b), and serum virus neutralization (SN) (Benfield et al., 1992a, Benfield 
et al., 1992b) and a modified serum neutralization test (Yoon et al., 1994). 
The first serologic test developed for PRRSV antibody detection was the 
immunoperoxidase monolayer assay (IPMA) (Wensvoort et al., 1991a; Frey et al., 
1992). The IPMA has been performed with PAMs, CL 2621, or MA 104 cell 
cultures. The sensitivity of the IPMA is suspect, but, specificity quite good. 
Antibodies can be detected as early as 6 days post inoculation. The test does rely 
on subjective endpoints and cannot be automated for large scale testing. 
The indirect-fluorescent antibody test (IFA) is similar to the IPMA in 
procedure, sensitivity and specificity. The IFA has been used widely in the U.S. 
after it was first described by Yoon et al. (1992b). The test has been done using 
PAMs, CL2621, MA-104, MARC-145, and CRL 11171. As with the IPMA, 
subjective determination of endpoints and difficulty in automation limit the use of 
this test on a large scale. The IFA detects IgM or IgG antibodies which typically 
appear first at 7-14 days and which last for 3-5 months (Joo, 1995). Recent 
research suggests that those pigs in which detectable IgM antibody is found are 
highly likely to be PRRSV carriers (Joo, 1995). It was suggested that routine testing 
for PRRSV IgM antibody in the sera of purchased breeding animals may be useful 
in identification of carriers. Clinical experience has indicated that IFA titers ranging 
from 256 to 1024 may indicate recent exposure, and active virus shedding may be 
taking place within the sampled population (Dee et al., 1994b). If titers persist at a 
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constant level for 2 to 3 months it may indicate a viral persistence in the population. 
If animals are no longer viremic, antibody decay takes place. The major 
advantages of the IFA tests are increased sensitivity (able to detect antibodies at 14 
days post-exposure) and the short amount of time needed to complete the test 
(Zeman et al., 1993). 
The isolate of PRRSV that is used in the serologic test is important in 
interpretation of results. Considerable differences have been detected when 
European and U.S. isolates are used in the IPMA and IFA tests (Wensvoort et al., 
1992b; Prey et al., 1992; Beilage et al., 1992). The European isolates were closely 
related but were different from U.S. isolates. The U.S. isolates were different from 
each other. The Leiystad virus and the U.S. PRRSV isolate VR2332 have been 
used in IFA test to test the prevalence of each strain in positive herds (Bautista et 
al., 1993c). In U.S. herds, 10% were positive for Leiystad, 20% for VR2332, and 
71% were positive for both. 
The SN test has been done with CL 2621 and MA-104 cells (Prey et al., 
1992; Morrison et al., 1992b: Hill et al., 1993; Benfield et al., 1992b: Christiansen et 
al., 1992b: Yoon et al., 1992). The SN test appears to be less sensitive than the 
IFA and IPMA in detection of an acute infection (Joo, 1995). This may be because 
of the effect of circulating immune complexes or neutralizing antibody may not 
appear until later (Nelson et al., 1994). The antigenic epitopes associated with 
virus neutralization may represent only one of many antigenic epitopes on the viral 
protein (Nelson et al., 1994). 
Modification of the SN test by addition of normal swine serum has increased 
the sensitivity of the test (Yoon et al., 1994). Higher SN titers were consistently 
obtained by the addition of 20% fresh swine serum to the virus diluent and by the 
use of a permissive cell clone (MARC-145). With the modified technique, SN 
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antibody was first detected at 9-11 DPI with a peak at 11-21 DPI and again at 41 
and 45 DPI. The antibody during the early stage appeared to be IgM because 2-
ME or anti-IgM reduced the titer 4-8 times. Without the addition of the 20% fresh 
swine sera, antibody was detectable only at 32 and 41 DPI. It was suggested that 
the presence of complement in the fresh sera may account for the improved 
sensitivity. With the modified technique, SN titers were high when homologous 
PRRSV isolate was used in the test but were markedly lower for heterologous 
PRRSV isolates. No difference in antibody titers were seen when homologous and 
heterologous PRRSV isolates were tested by IFA. This indicates that the modified 
SN may be useful for differentiation of serologic groups of PRRSV isolates. 
An Enzyme-Linked Immunosorbent Assay (ELISA) has recently been 
developed to detect PRRSV antibodies (Albina et al., 1992a: Albina et al., 1992b). 
Unacceptable background staining was a problem initially with this test. 
Modifications have greatly improved this test and it is now commercially available 
and should gain wide acceptance and usage in veterinary diagnostic laboratories 
(Joo, 1995). This test has the advantage of detecting antibodies to both U.S. and 
European strains. 
Rather than attempting to interpret titers as evidence of time and stage of 
infection with PRRSV, veterinarians have done surveys of several different age 
groups to determine where PRRSV is actively spreading on a farm. 
Seroprevalence by IFA testing in sow herds is often low (15%) in sow herds a year 
after initial infection, and high seroprevalence (85%) is detected in the finishing 
stages (Loula, 1992; Stevenson et al., 1993a: Stevenson et al., 1993b: Dee et al., 
1994b: Dee et al., 1994c). For these reasons, a sample size of 30 or more animals 
from the breeding herd will allow a 95% confidence of detecting a 10% or higher 
seroprevalence of animals. A 95% confidence interval of finding positive finishing 
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animals can be attained by testing 10 animals if seroprevalence is 30% or higlier 
as is often the case in the grower and finisher stages (Morrison et a!., 1992a; 
Morrison et al., 1992b; Thacker et al., 1992). 
Use of sentinel animals introduced into infected herds can be very useful for 
diagnostic purposes (Dee et a!., 1994b). These animals are acquired from a herd 
with equal health status and are negative for PRRSV and antibodies. They are 
placed in with resident buildings at the different stages of production and monitored 
along with the resident pigs. Evidence that virus is not actively shedding includes; 
decreasing titers in previously infected pigs and no seroconversion or virus 
isolation from sentinels. This may become more widely used as vaccination 
becomes more common because of the current inability to distinguish vaccinated 
from naturally-infected pigs. 
Prevention and Control of PRRS 
Dee et al. (1995b; 1994c; 1994d: 1993a; 1993b) have demonstrated that 
nursery depopulation is an effective strategy for controlling PRRS in herds 
experiencing chronic PRRSV-associated respiratory disease in the nursery stage. 
Pigs on these farms were generally seronegative at weaning at 18-22 days and 80-
100% had antibody titers in the 1:64 to 1:1024 range at 8-9 weeks of age. This is 
typical and indicates that the virus is recirculating between the older infected carrier 
pigs and the seronegative weaners entering the nursery every week. By 
eliminating the carrier pigs it is possible to break the cycle. After depopulation and 
sanitation of the nurseries, and repopulation and maintaining all-in-all-out pig flow, 
no seropositive pigs were detected in the nurseries for at least 6 months. This 
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management technique works provided active viral shedding in the breeding herd 
is absent as indicated-by a high prevalence of seronegative sows. 
Viral persistence in the breeding herd may be due to introduction of 
seronegative, naive gilts into an endemically-infected population (Dee et al., 
1995a: Dee et al., 1995b: Dee et al., 1994a: Dee et al., 1994b). Introduction of 
PRRSV-positive animals can also be a source for reinfection of the breeding herd. 
Freese et al. (1993), however, described a case of spontaneous elimination of 
PRRSV on a farm where replacement gilts were bred and housed in a off-site 
facility and introduced into the herd at farrowing (a period of four months). The 
isolation of incoming stock, strict all-in-all-out pig flows, and a 2 week interval in the 
nurseries were discussed as reasons for the successful spontaneous elimination of 
PRRSV from this herd. 
Dee et al. (1995a; 1995b) were successful in controlling PRRSV exposure 
and shedding in the breeding herd by managing the gilt pool and pig flow. In one 
experiment they closed the herd to outside seedstock and used on-site internal gilt 
replacements from the finisher for addition to the breeding herd. In another herd 
they established an off-site holding facility for housing seropositive replacements 
until the proper time of introduction could be established. Only animals with 
declining serostatus and negative virus isolation from pooled serum were allowed 
into the breeding herd after testing at 30 and 60 day intervals. Due to the 
prolonged period of viremia with PRRS, and the fact that the incubation period of 
PRRS has not been established, the recommended isolation period is 45-60 days. 
The choice of a regimen to control PRRS ultimately depends on the 
production system, management capabilities, and facilities available. Now that a 
vaccine is available it will take experimentation and time to see how this tool will fit 
into the control and management of PRRS. Formulation of plans using a 
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combination of accurate diagnostics followed by cost-effective control strategies 
that emphasize management, and perhaps vaccination, implemented at the proper 
time in the life of the pig will allow veterinarians and producers to implement PRRS 
control strategies with good success. 
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DEVELOPMENT OF A STREPTAVIDIN-BlOTlN IMMUNOPEROXIDASE 
PROCEDURE FOR THE DETECTION OF PORCINE REPRODUCTIVE AND 
RESPIRATORY SYNDROME VIRUS ANTIGEN IN PORCINE LUNG 
A Brief Communication published in 
Journal of Veterinary Diagnostic Investigation 
J Vet Diagn Invest 6:254-257, 1994 
Patrick G. Halbur, John J. Andrews, Elise L. Huffman, Prem S. Paul, 
Xiang-Jin Meng, Yosiya Niyo 
Note 
Porcine reproductive and respiratory syndrome (PRRS) virus has become a 
major cause of respiratory disease in 5-8 week old pigs in the United States.^ 
PRRS was first observed in the United States in 19875 and in Europe in 19907 
Virus isolation techniques have been described and the virus has been 
characterized."''2 PRRSV serum antibody detection techniques have also been 
developed. 
Clinical signs of PRRS in growing pigs include pyrexia, lethargy, anorexia, 
chemosis, and patchy dermal cyanosis.2.3 Gross lung lesions are variable or 
absent, but, most infected pigs have microscopic lesions of interstitial pneumonia. 
An immunoperoxidase test on formalin-fixed tissues from infected pigs 
would be useful as a simple and rapid diagnostic test, as a means to study the 
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pathogenesis of PRRSV-induced disease, and as a tool to do retrospective studies. 
The development of such a test is described here. 
Preinoculation sera from four 3-week-old colostrum-deprived pigs was 
collected and tested at National Veterinary Services Laboratory (NVSL) in Ames, 
Iowa for the presence of PRRSV and antibody. The indirect immunofluorescent 
assay (IFA 1 ;20) was done using MARC-145 cells infected with the NVSL strain of 
PRRSV. Virus isolation was done on MARC-145 cells. No antibody was detected 
and no PRRSV was isolated from the preinoculation sera. 
The four 3-week-old PRRSV negative animals were inoculated intranasally 
with 105-8 TCID50 of PRRSV U.S. isolate ATCC VR 2386 propagated on ATCC 
CRL 11171 cells. These pigs were housed on elevated woven-wire decks and fed 
a commercial milk replacer. Two pigs were necropsied at 4 days post inoculation 
(DPI) and 2 at 9 DPI. 
At the time of necropsy, the right and left lungs from each pig were separated 
and inflated via the primary bronchus with 45 ml of 1 of 4 fixatives, 10% neutral 
buffered formalin, Bouin's solution, Histochoice^, or a mixture containing 4% 
formaldehyde and 1% glutaraldehyde (4F:1G). The tissues fixed in Bouin's were 
rinsed in five 30-minute changes of 70% ethyl alcohol after 4 hours fixation in 
Bouin's. All the tissues were routinely processed in an automated tissue processor 
beginning in 70% ethyl alcohol. Tissues were processed to paraffin blocks within 
48 hours of the necropsy. 
Sections 3 fxm thick were mounted on poly-L-lysine coated glass slides, 
deparaffinized with two changes of xylene and rehydrated through graded alcohol 
baths to distilled water. Endogenous peroxidase was removed by three 10-minute 
changes of 3% hydrogen peroxide. This was followed by a wash-bottle rinse with 
0.05 M TRIS buffer pH 7.6 (TRIS) followed by a 5-minute TRIS bath. Protease 
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digestion was performed on all tissue sections except those fixed in Histochoice. 
Digestion was done in 0.05% protease (Protease XIV^) in TRIS for 2 minutes at 
37C. Digestion was followed by a TRIS-buffer wash-bottle rinse and then a 5-
minute cold TRIS buffer bath. Blocking for 20 minutes was done with a 5% solution 
of normal goat serum.^ 
The primary antibody used was a monoclonal ascites fluid (SD0W-17C) 
diluted 1:1000 in TRIS phosphate buffered saline (PBS) (1 part TRIS:9 parts PBS 
[0.01 M pH 7.2]). This monoclonal antibody recognizes a conserved epitope on the 
PRRSV nucleocapsid protein.^ The tissue sections were flooded with primary 
antibody and incubated at 4C for 16 hours in a humidified chamber. The primary 
antibody incubation was then followed by a wash-bottle rinse with TRIS buffer, a 5-
minute TRIS buffer bath, and a 5-minute TRIS buffer bath containing 1% normal 
goat serum. The sections were flooded with biotinylated goat anti-mouse antisera<^ 
for 30 minutes. The linking antibody incubation was followed by three rinses in 
TRIS buffer as was done following primary antibody incubation. The sections were 
then treated with peroxidase conjugated streptavidin® diluted 1:200 in TRIS/PBS 
for 40 minutes followed by a TRIS buffer wash-bottle rinse and a 5-minute TRIS 
buffer bath. The sections were then incubated with freshly made 3, 3'-
diaminobenzidine tetrahydrochloride* for 8-10 minutes at room temperature and 
rinsed in a distilled water bath for 5 minutes. Counterstaining was done in 
hematoxylin,9 and the sections were rinsed with Scott's Tap Water (10 g. MgS04, 2 
g NaHCOa in 1 liter ultrapure water), and then with distilled water. After 
dehydration, the sections were covered with mounting media and a coverslip was 
applied. 
Two negative controls were included. Substitution of TRIS/PBS buffer in 
place of the primary antibody was done for one control. For the other control, 
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uninfected age-matched, gnotobiotic pig lungs were substituted for PRRSV-
infected lungs. Lung tissue from a 2-week-old gnotobiotic pig infected with virulent 
porcine respiratory virus (PRCV) isolate AR310 was also included as a control. 
This isolate has been shown to induce moderate proliferative and necrotizing 
bronchointerstitial pneumonia.'^ No staining was observed in the negative controls 
or in the PRCV-infected lung. 
Histological changes in infected tissues were characterized by moderate 
multifocal proliferative interstitial pneumonia with pronounced type 2 pneumocyte 
hypertrophy and hyperplasia, moderate infiltration of alveolar septa with 
mononuclear cells, and abundant accumulation of necrotic cell debris and mixed 
inflammatory cells in the alveolar spaces. No bronchial or bronchiolar epithelial 
damage was observed; however, there was necrotic cell debris in the smaller 
airway lumina. 
Intense and specific staining in the cytoplasm of infected cells was observed 
in the formalin- and Bouin's-fixed tissues. Staining was less intense and specific in 
the 4F:1G-fixed tissues. There was poor staining, poor cellular detail, and 
moderate background staining in the Histochoice-fixed tissues. Background 
staining was negligible with the other fixatives. Cellular detail was superior in the 
formalin-fixed tissue sections but adequate in the Bouin's- and 4F;1G-fixed tissues. 
The labeled antigen was primarily within the cytoplasm of sloughed cells 
and macrophages in the alveolar spaces (Fig. 1) and within cellular debris in 
terminal airway lumina (Fig. 2). Comparison with hematoxylin and eosin-stained 
sections from the same block indicated that most of the labeled cells were 
macrophages, and some were likely sloughed pneumocytes. Lesser intensities of 
staining were observed in mononuclear cells within the alveolar septa and rarely in 
hypertrophied type 2 pneumocytes. Using an immunoperoxidase technique on 
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frozen sections, other investigators^ were able to detect antigen in epithelial cells 
of bronchioles and alveolar ducts as well as within cells in the alveolar septa and 
alveolar spaces. We were unable to detect antigen in bronchiolar epithelium. 
A streptavidin-biotin complex (ABC) technique using a PRRSV monoclonal 
antibody was developed to identify PRRSV-infected porcine lungs. Both 10% 
neutral-buffered formalin and Bouin's solution were acceptable fixatives. Protease 
digestion enhanced the antigen detection without destroying cellular detail. This 
technique should be quite useful for the diagnosis and research of PRRSV-induced 
pneumonia of pigs. 
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Figure 1. Immunohistochemical stain of lung from a pig infected 9 days previously 
with PRRSV. Positive staining is demonstrated within the cytoplasm of 
macrophages and sloughed cells in the alveolar spaces. ABC staining 
with hematoxylin counterstain. 
Figure 2. Immunohistochemical stain of lung from a pig infected 4 days previously 
with PRRSV. Positive staining is demonstrated within cellular debris in 
terminal airway lumina. ABC staining with hematoxylin counterstain. 
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IMMUNOHISTOCHEMICAL IDENTIFICATION OF PORCINE REPRODUCTIVE AND 
RESPIRATORY SYNDROME VIRUS (PRRSV) ANTIGEN IN THE HEART AND 
LYMPHOID SYSTEM OF THREE-WEEK-OLD 
COLOSTRUM-DEPRIVED PIGS 
A Brief Communication published in Veterinary Pathology 
Vet Pathol 32:200-204, 1995 
P.G. Halbur, L.D. Miller, P.S. Paul, X.-J. Meng, E. L. Huffman, and J.J. Andrews 
Abstract 
Porcine reproductive and respiratory syndrome virus (PRRSV) antigens 
were detected by streptavidin-biotin complex technique in tissues of 3-week-old 
colostrum-deprived pigs that had been inoculated intranasally with porcine 
reproductive and respiratory syndrome virus and had developed moderate 
respiratory disease. Moderate multifocal tan-colored consolidation of the lungs 
and severe enlargement of the lymph nodes were noted at necropsy. Severe 
interstitial pneumonia characterized by type 2 pneumocyte proliferation, septal 
infiltration with mononuclear cells, and accumulation of macrophages and necrotic 
cells in alveolar spaces was observed at 4 and 9 days post inoculation. Moderate 
multifocal perivascular lymphohistiocytic myocarditis was observed at 9 days post 
inoculation. Marked lymphoid follicullar hyperplasia and follicular necrosis in the 
tonsil, spleen, and lymph nodes was observed. A monoclonal antibody that 
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recognizes a conserved epitope of porcine reproductive and respiratory syndrome 
virus nucleocapsid protein was used as primary antibody for 
immunoliistochemistry. Antigen was readily detected in alveolar macrophages in 
the lung and in endothelial cells and macrophages in the heart. Macrophages and 
cells resembling dendritic cells in tonsil, lymph nodes, thymus, and spleen also 
stained intensely positive for viral antigen. PRRSV appears to replicate primarily 
within macrophages in the respiratory and lymphoid systems of the pig. 
Note 
The Leiystad virus (LV) was first isolated in the Netherlands in 1991^ and 
subsequently porcine reproductive and respiratory syndrome virus (PRRSV) was 
isolated in the United States in 1992.3 Both LV and PRRSV were isolated from 
outbreaks of reproductive and respiratory disease in pigs. These two viruses 
experimentally induce similar clinical disease and have been characterized and 
tentatively classified in the family Arteriviridae. Arteriviridae is a newly proposed 
group of plus-stranded RNA viruses, that includes equine arteritis virus, lactate 
dehydrogenase-elevating virus, and simian hemorrhagic fever virus.2-3 
PRRSV infection has become common in pigs in the midwestern United 
States. Some herds have devastating reproductive failure characterized by third-
trimester abortions, and increased numbers of stillborn pigs and weak-born pigs. 
Many of these herds also experience severe neonatal respiratory disease. 
Respiratory disease induced by PRRSV in 4-10 week-old pigs is common and can 
be quite severe.^ Clinical PRRSV outbreaks are frequently followed by bacterial 
pneumonia, septicemia, or enteritis. Experimentally, there is variability in the 
pathogenicity of PRRSV isolates in growing pigs.® 
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PRRSV has recently been shown by immunohistochemistry to replicate in 
pulmonary alveolar macrophagesThe virus can also be isolated from the brain, 
lymph nodes, spleen, tonsil, and serum. The particular cell type within which 
PRRSV replicates in the immune system and heart has not been established. We 
report here on the immunohistochemical identification of PRRSV antigens in the 
tonsil, thymus, spleen, lymph nodes and heart. 
Four pigs were taken directly from the birth canal of a sow that was positive 
for PRRSV antibody by indirect immunofluorescent antibody examination (IFA) of 
serum. The pigs were taken to a different site and raised on commercial milk 
replacer. Blood samples from these pigs at 0, 7, 14, and 21 days of age were 
negative for PRRSV antibody by the IFA test. No PRRSV was isolated from the 
serum of the pigs or sow using MARC-145 cells for virus isolation. 
When 3 weeks old, all four pigs were inoculated intranasally with lO^-S 
TCID50 of PRRSV U.S. isolate ATCC VR 2386 propagated on ATCC CRL 11171 
cells. All pigs became acutely ill on the third day post inoculation. The pigs were 
febrile (40-42C), lethargic, and anorexic, and exhibited moderate respiratory 
disease from 3 to 9 days post inoculation (DPI). Labored abdominal respiration 
and patchy cyanosis of the skin when stressed were characteristic features in all 
four pigs. Coughing was not observed. 
Two randomly selected pigs were necropsied at 4 DPI, and the remaining 
two were necropsied at 9 DPI. Each lung lobe was assigned a number to reflect 
the approximate volume of entire lung represented by that lobe. Ten possible 
points were assigned to the right anterior lobe, right middle lobe, anterior part of the 
left anterior lobe, and caudal part of the left anterior lobe. The accessory lobe was 
assigned 5 points, 27.5 points to each of the right and left caudal lobes, for a total of 
100 points. Gross lung scores were estimated, and a score was given to reflect the 
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amount of consolidation in each lobe. The total of all the lobes was an estimate of 
the percentage consolidation of the entire lung for each pig. 
Gross lesions included pneumonia and lymphadenopathy. At 4 DPI, one pig 
had an estimated 31% and the other 36% tan-colored consolidation of the lungs. 
The affected areas were primarily in the anterior, middle, accessory, and 
ventromedial portion of the caudal lobes. The consolidated areas were not well 
demarcated. These areas were multifocal within in each lobe and had irregular 
and indistinct borders, giving the affected lobes a tan, mottled appearance. At 9 
DPI, the remaining two pigs had an estimated 37% and 46% consolidation of the 
lungs. The pattern and character of the lesions were similar to that seen at 4DP1. 
The only other gross lesion observed was lymphadenopathy. The cervical, 
mediastinal, tracheobronchial, and medial iliac lymph nodes were 3-10 times 
normal size. These nodes were tan and edematous and often contained multiple 
2-5 mm subcapsular cysts containing clear fluid. 
Lymphoid tissues collected at necropsy for histopathologic examination 
included tonsil, thymus, spleen, tracheobronchial, mediastinal, and medial iliac 
lymph nodes. Other tissues collected included lung, heart, brain, liver, kidney and 
intestines. Tissues were fixed by immersion for 24 hours in 10% neutral buffered 
formalin, processed routinely in an automated tissue processor, embedded in 
paraffin, sectioned at 6 |am, and stained with hematoxylin and eosin. Additional 
sections were cut at 3 |am and mounted on poly-L-lysine-coated slides for 
immunohistochemical evaluation. 
The streptavidin-biotin based immunoperoxidase technique for PRRSV 
antigen detection in porcine lung has been recently described.^ Endogenous 
peroxidase was removed by three 10-minute changes of 3% hydrogen peroxide 
followed by a Tris bath and digestion with 0.05% protease (Protease XIV, Sigma 
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Chemical Co., St. Louis, MO) in Tris buffer for 2 minutes at 37 C. After another Tris 
buffer bath, blocking was done for 20 minutes with a 5% solution of normal goat 
serum. Primary monoclonal antibody ascites fluid diluted 1:1000 in 
Tris/phosphate-buffered saline was added and incubated for 16 hours at 4 C in a 
humidified chamber. The monoclonal antibody SDOW-17 (Dr. Dave Benfield, 
South Dakota State University, Brookings, SD) has been recently characterized 
and recognizes a conserved epitope of the PRRSV nucleocapsid protein.^ After 
primary antibody incubation and a subsequent 5 minute TRIS bath containing 1% 
normal goat serum, the slides were flooded with biotinylated goat anti-mouse 
linking antibody (Dako Corp., Carpintera, CA) for 30 minutes. The sections were 
washed with Tris and treated with peroxidase-conjugated streptavidin (Zymed 
Laboratories, South San Francisco, CA) for 40 minutes and incubated with 3, 3'-
diaminobenzidine tetrahydrochloride (Vector Laboratories, Burlingame, CA.) for 8-
10 minutes. Sections were then stained with hematoxylin. 
Tissues from four age-matched uninfected CDCD pigs were used for 
histologic and immunohistochemical controls. Negative controls for 
immunohistochemistry included using the same protocol without the primary 
PRRSV antibody on the infected pig tissues and using the complete protocol on the 
age-matched uninfected CDCD pigs. 
Microscopic lesions included interstitial pneumonia, myocarditis, tonsillitis, 
and lymphadenopathy. One section of lung from each lobe was examined. The 
interstitial pneumonic lesions were characterized by septal infiltration with 
mononuclear cells, hyperplasia and hypertrophy of type 2 pneumocytes, and 
accumulation of macrophages and necrotic cell debris in alveolar spaces. These 
lesions were moderate and multifocal by 4 DPI and severe and diffuse by 9 DPI. 
Bronchi and bronchiolar epithelium was unaffected. PRRSV antigen was readily 
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detected by immunohistochemical staining in alveolar macrophages. Large, dark-
brown PRRSV-antigen-positive macrophages were often found in groups of 5-10 
cells. A few PRRSV-antigen-positive mononuclear cells were observed within the 
alveolar septa. PRRSV antigen was not detected in any tissues of the negative 
control pigs. 
One section of left and one section of right ventricle were examined. At 4 
DPI there were small, randomly distributed, perivascular foci of lymphocytes and 
macrophages. There was moderate multifocal perivascular lymphoplasmacytic 
and histiocytic inflammation by 9 DPI. Moderate numbers of endothelial cells 
lining small capillaries or lymphatics throughout the myocardium stained strongly 
positive for PRRSV antigen (Fig. 1) at both 4 and 9 DPI. The PRRSV-antigen-
positive endothelial cells frequently were not surrounded by inflammatory cells at 4 
DPI but were in areas of inflammation at 9 DPI. A few macrophages between 
myocytes and in perivascular areolar tissue also stained strongly positive for 
PRRSV antigen. 
A mild tonsillitis with necrosis was observed. Necrotic foci of 1-10 cells with 
pyknosis and karryorrhexis were commonly observed in the center of prominent 
follicles and less often in the surrounding lymphoreticular tissue. Large numbers of 
lymphocytes and macrophages were observed within the crypt epithelium, and 
moderate amounts of necrotic cell debris were observed in crypts. PRRSV antigen 
was readily detected within cells in the center of hyperplastic follicles, in the 
surrounding lymphoreticular tissue, and within cells in the crypt epithelium (Fig. 2). 
Staining was also present among necrotic debris in the crypts. In all these sites, 
the PRRSV-antigen-positive cells resemble macrophages or dendritic cells. 
Thymic lesions were minimal. There were rare necrotic foci with pyknosis 
and karryorrhexis in the medulla. These foci tended to involve or be near thymic 
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corpuscles. PRRSV antigen was frequently identified within macrophages near 
these necrotic areas and less often within large isolated macrophages in the 
cortex. 
Necrotic foci and single necrotic cells were evident within germinal centers 
of lymphoid nodules and in periarteriolar lymphoid sheaths (PALS) of the spleen. 
PRRSV-antigen-positive cells were concentrated in the center of lymphoid follicles 
and scattered throughout PALS. The positive cells generally had large oval nuclei 
and abundant cytoplasm with prominent cytoplasmic projections compatible with 
macrophages or dendritic cells. Lesser numbers of PRRSV-positive fusiform-to-
stellate-shaped cells in the marginal zone were observed. The size and location of 
these cells suggests that they may be macrophages, dendritic cells, or reticular 
cells. Reticular cells are part of the fibrous stroma and have been associated with 
phagocytic activity."' 
The predominant lymph node microscopic lesions were subcapsular edema, 
follicular hyperplasia, necrotic cells and foci of necrosis in the center of prominent 
lymphoid follicles, and the presence of syncytial cells at the border of the central 
lymphoid tissue with the loose peripheral connective tissue. The high endothelial 
venules were unusually prominent and often swollen. The syncytial cells had 2-10 
nuclei with multiple prominent nucleoli and a moderate amount of eosinophilc 
cytoplasm. These cells did not appear to contain PRRSV antigen. Intense and 
specific cellular cytoplasmic staining was observed in the follicles. The positive 
cells had large nuclei with abundant cytoplasm and prominent cytoplasmic 
processes (Fig. 3). These cells resemble macrophages or dendritic cells. Lesser 
numbers of PRRSV-antigen-positive distinctly round or oval cells resembling small 
macrophages were observed in the perifollicular lymphoid tissue. 
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The lesion severity and the amount of antigen detected within various 
lymphoid tissues was generally similar at 4 and 9 DPI. The gross size of the lymph 
nodes, the amount of lymph node edema, and the numbers of syncytial cells in 
lymph nodes were greater at 9 DPI than at 4 DPI. The interstitial pneumonia and 
myocarditis were considerably more severe at 9 DPI than at 4 DPI, and more 
antigen was detected in these tissues at 9 than at 4 DPI. 
PRRSV antigen in the heart appears to be within endothelial cells lining 
blood vessels and lymphatics and within macrophages in interstitial areas. In other 
experiments with this PRRSV isolate, we have consistently observed myocarditis 
beginning at 4-10 DPI, becoming quite severe by 21-28 DPI, and resolving by 45 
DPI. This experimental model and immunohistochemical technique should be 
useful to further study the pathogenesis of PRRSV-induced myocarditis in pigs and 
possibly viral myocarditis in humans and other species. 
The immunohistochemical procedure described here was useful for 
detecting antigen in the lung, heart and lymphoid tissues of 3-week-old colostrum-
deprived pigs that had been inoculated intranasally with porcine reproductive and 
respiratory syndrome virus. Severe interstitial pneumonia and moderate multifocal 
perivascular lymphohistiocytic myocarditis was observed. Marked lymphoid 
follicular hyperplasia and necrosis of individual or small clusters of cells in the 
tonsil, spleen, and lymph nodes was also observed. PRRSV antigen was readily 
detected in alveolar macrophages in the lung and in endothelial cells and 
macrophages in the heart. Macrophages and dendritic-like cells in tonsil, lymph 
nodes, thymus, and spleen stained intensely positive for viral antigen. 
After intranasal inoculation, PRRSV may replicate in the tonsil with 
subsequent viremia and further replication primarily within macrophages in the 
respiratory and lymphoid systems of the pig. Additional studies utilizing more pigs 
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necropsied at more frequent intervals following the antigen localization by 
immunohistochemistry and virus isolation in the early stages of disease are 
necessary. Further immunohistochemical studies using reagents specific for 
different cell markers are needed to better identify the specific cell types containing 
PRRSV antigen. PRRSV-induced disease in pigs has become very common in the 
midwestern United States, and this worl< should help to increase our 
understanding of the pathogenesis of this disease. 
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Figure 1. Heart; pig, 9 DPI. PRRSV antigen demonstrated within endothelial cells 
(arrow) and isolated macrophages. Streptavidin-biotin complex method, 
hematoxylin counterstain. Bar=21 |j,m. 
Figure 2. Tonsil; pig, 9 DPI. PRRSV-antigen-positive cells (arrow heads) 
demonstrated within follicles and in the crypt epithelium. Streptavidin-
biotin complex method, hematoxylin counterstain. Bar=86 |im. 
Figure 3. Lymph node; pig, 9 DPI. PRRSV within follicles. Positive cells (arrows) 
resemble macrophages or dendritic cells. Streptavidin-biotin complex 
method, hematoxylin counterstain. Bar=21 iim. 
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COMPARATIVE PATHOGENICITY OF NINE U.S. PORCINE 
REPRODUCTIVE AND RESPIRATORY SYNDROME VIRUS (PRRSV) 
ISOLATES IN A 5-WEEK-OLD CESAREAN-DERIVED-COLOSTRUM-
DEPRIVED PIG MODEL 
A full manuscript submitted to Journal of Veterinary Diagnostic Investigation 
Patrick G. Halbur, Prem S. Paul, Xiang-Jin Meng, Melissa A. Lum, 
John J. Andrews, John A. Rathje 
Abstract 
Two-hundred and three, five-week-old, cesarean-derived-colostrum-
deprived (CDCD) pigs were inoculated intranasally with one of nine U.S. porcine 
reproductive and respiratory syndrome virus (PRRSV) isolates. Differences were 
found in severity of clinical respiratory disease (P<0.001), rectal temperatures 
(P<0.001), gross lung lesions (P<0.001), and microscopic lung lesions (P<0.05). 
The mottled tan-plum colored lung lesions were generally most severe at 10 days 
post-inoculation and distributed primarily in the anterior, middle, and accessory 
lobes, and ventromedial portion of the caudal lung lobes. Mean gross lung lesion 
scores estimating the percent of lung with pneumonia at 10 days post inoculation 
ranged from 62.4+5.7 percent (mean±SEM, n=10) for isolate ISU-28 to 16.7+2.8 
percent (mean+SEM, n=10) for isolate ISU-51. Microscopic lung lesions were 
characterized by hyperplastic and hypertrophied type 2 pneumocytes, septal 
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infiltration by mononuclear cells, and accumulation of necrotic alveolar exudate. 
Lymph node follicular hyperplasia and focal necrosis was seen with all nine 
isolates. This CDCD pig model was useful for demonstration of significant 
differences in pathogenicity between U.S. PRRSV isolates. This difference in 
pathogenicity may help explain the variation in severity of clinical disease 
observed in field outbreaks of PRRS. 
Introduction 
Porcine reproductive and respiratory syndrome (PRRS) was first recognized 
in the U.S. in 1987"'^•''^'22 and subsequently in Europe in 1991.29.35,38 
syndrome was also referred to as porcine epidemic abortion and respiratory 
syndrome (PEARS) in Europe and swine infertility and respiratory syndrome 
(SIRS) or mystery swine disease (MSD) in the U.S. In 1991, researchers in The 
Netherlands isolated the LeIystad virus (LV) in primary porcine alveolar 
macrophage cultures and determined that LV was likely to be the agent 
responsible for the reproductive and respiratory syndromes (PRRS, PEARS, SIRS, 
or MSD) in Europe, Canada and the U.S.29.35,38 |n 1992, researchers in the U.S. 
were the first to isolate SIRS virus in a continuous cell line.''''^'4o lt is now widely 
accepted to call the syndrome PRRS and the virus PRRS virus (PRRSV). 
Both U.S. and European isolates have been tentatively classified as 
members of the newly proposed arterivirus group.""•24,27,38 group of positive-
stranded RNA viruses includes lactate dehydrogenase elevating virus (LDV), 
equine arteritis virus (EAV), and simian hemorrhage fever virus (SHFV). 
Techniques for PRRSV isolation''''^'^9'37.38_ antigen detection''^'''2.i4,23^ 
serology28.39,4i,42 have been developed. 
89 
Disease has been experimentally reproduced with cell culture propagated 
virus by inoculation of pregnant female swine2.3.2i,26,35_ gnotobiotic pigs'^'''°'29_ 
cesarean-derived-colostrum-deprived pigs'"and specific pathogen-free or 
conventional pigs.23,32,34,36.40 ^ limited number of PRRSV isolates have been 
used in these experiments with low numbers of pigs of different ages, breeds, 
health and immune status. This has made it difficult to compare the work of 
different research groups and to accumulate statistically significant data. 
PRRSV has been shown to experimentally induce reproductive failure in 
mid- and late-term gestation.2.3.21,24 in neonatal and growing pigs, PRRSV has 
been shown to induce inapparent respiratory disease4.7.32^ nmid respiratory 
disease23.34.4o_ or moderate-to-severe dyspnea and tachypnea.'•o-''3 Currently, the 
most common clinical manifestations of PRRS in the midwestern United States are 
enzootic respiratory and systemic disease in 4-8-week-old pigs and reproductive 
failure in naive females introduced into enzootically-infected breeding herds.5.6,9,is 
Financial losses from epizootic or enzootic infections can be substantial.3o.3i 
The objectives of experiment #1 were to develop a consistent model to study 
PRRSV-induced respiratory and systemic disease in 5-week-old pigs and to 
characterize the gross and microscopic lesions associated with the course of 
PRRSV-induced disease. The objective of experiment #2 was to use the 
established model to statistically compare the pathogenicity of plaque-purified 
PRRSV isolates that were chosen because of the varying severity of clinical signs 
and losses observed in the herds of origin. 
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Materials and Methods 
Source of PRRSV Isolates 
Live pigs or fresh tissues were received from 61 herds over a 3 year period 
from 1991-1993. All cases were submitted for etiologic diagnosis of respiratory 
disease in pigs from 1-16 weeks of age. Some of the herds had concurrent 
reproductive failure, and some did not. The nine selected herds differed in size, 
production style, age of diseased pigs, time since initial disease was observed, and 
severity of the current disease outbreak. Clinical information from the selected 
farms is summarized in Table 1. Isolates VR2385 and VR2386 were from the same 
herd. VR2385 was plaque-purified and VR2386 was not. 
PRRSV was isolated from lung homogenates of the selected field cases. 
The lung homogenates were clarified (3,000 rpm, 4°C, 15 minutes) and filtered 
(0.22 |im membrane filter), then inoculated onto fresh monolayers of ATCC CRL-
11171 cells. Virus isolates were plaque-purified 3 times on the same cell line. The 
isolates were confirmed as PRRSV by reactivity in the indirect immunofluorescent 
antibody assay with monoclonal antibody SDOW-IT^ . 
Inocula Preparation 
Experiment #1. Confluent monolayers of ATCC CRL-11171 cells were 
inoculated with 3X plaque-purified viruses (VR2385, VR2431, ISU-22, ISU-984) or 
with VR2386. Infected cultures were frozen and thawed 3 times when 60-80% 
cytopathogenic effect was observed. The frozen and thawed material was titrated 
and diluted to a final inoculation dose of lO^-T' TCID50. Principal inocula consisted 
of all viruses propagated to the 6th passage in ATCC CRL-11171 cells. Cell 
control inoculum consisted of mock-infected ATCC CRL-11171 cell culture fluids 
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that were processed in a manner identical to that used for virus fluids. All inocula 
were used at 5 ml/dose. 
Experiment #2. Inocula in experiment #2 were prepared as in experiment 
#1. Six plaque-purified isolates (VR2385, ISU-1894, ISU-51, ISU-28, ISU-79, ISU-
55) were diluted to a final dose of lO^-S TCID50 in 5 ml. Mock-infected ATCC CRL-
11171 cell culture fluids served as control pig inocula. 
Pigs in both experiments were inoculated intranasally by setting them on 
their buttocks perpendicular to the floor and extending their neck fully back. The 
inoculum was slowly dripped into both nostrils of the pigs taking approximately 2-3 
minutes per pig for administration. 
Source of Pigs 
Four-week-old cesarean-derived-colostrum-deprived (CDCD) pigs were 
purchased from a commercial laboratory'^. These pigs were initially fed a 
commercial, 22% protein, pig starter containing spray-dried plasma protein for 7 
days before switching to a second stage, 18% protein, corn-soybean meal based 
ration for the duration of the experiment. Pigs were housed in 3.1 meters X 3.7 
meters concrete-floored, individually power-ventilated rooms. 
Design of Experiments 
Experiment #1. Ninety eight 4-week-old crossbred CDCD pigs were 
randomly divided into 7 rooms of 14 pigs each. The rooms were randomly 
assigned one of 7 treatments as shown in Table 2. The treatments consisted of 
intranasal inoculation of lO^-^ TCID50 of one of 4 (VR2385, ISU-984, ISU-22, 
VR2431) plaque-purified PRRSV isolates, an unplaque-purified isolate VR2386, 
uninfected cell culture and media, or no treatment. Two pigs from each group were 
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necropsied at 3, 7,10, or 21 days post inoculation (DPI). Three pigs were 
necropsied from each group at 28 DPI and 3 more at 36 DPI (Table 2). Rectal 
temperatures were recorded daily from DPI -2 though DPI +14. A clinical 
respiratory disease score was given from DPI -2 through DPI +28. Scores ranged 
from 0-6; O=normal, 1=mild dyspnea and/or tachypnea when stressed, 2=mild 
dyspnea and/or tachypnea when not stressed, 3=moderate dyspnea and/or 
tachypnea with stress, 4=moderate dyspnea and/or tachypnea when not stressed, 
5=severe dyspnea and/or tachypnea when stressed, 6=severe dyspnea and/or 
tachypnea when not stressed. The stress was that induced daily by the pig handler 
when holding the pig under his arm and taking the rectal temperature for 
approximately 30-60 seconds. Other relevant clinical observations like coughing, 
diarrhea, inappetence or lethargy were noted separately as observed and had no 
impact on the clinical respiratory score. 
Experiment #2. The second experiment was then designed to collect and 
compare data from a larger number of pigs necropsied at 10 DPI so statistical 
analysis could be done. In experiment #2, 105 4-week-old crossbred CDCD pigs 
were randomly divided into 7 rooms each with 15 pigs (Table 2). Each room was 
randomly assigned a treatment. Treatments consisted of intranasal challenge with 
105-8 TCIDso of one of 6 plaque-purified PRRSV isolates (ISU-51, ISU-79, ISU-55, 
ISU-1894, ISU-28, VR2385) or ATCC CRL-11171 uninfected cell culture and 
media. Ten pigs from each group were necropsied at 10 DPI and 5 pigs from each 
group were necropsied at 28 DPI. Rectal temperatures were recorded from -2 DPI 
to +10 DPI. Clinical respiratory disease scores and other clinical signs were 
recorded as in experiment #1. 
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Serology bv Indirect Immunofluorescence 
The cell line ATCC CRL-11171 was also used for the indirect 
immunofluorescence assay (IFA). Medium was decanted from ATCC CRL-11171 
cells growing in 75 cm^ flasks, and the monolayers trypsinized and cells 
resuspended in about 150 ml of DMEM with 10 percent FBS. Slides with 8 
chambers (Lab-Tek Chamber) were seeded with 0.05 ml of cell suspension per 
chamber, with a suspension density that would result in optimum virus growth and 
reproducible plaque numbers with a given virus dilution. Monolayers of cells in 
chambers were infected with 0.05 ml of PRRS virus isolate VR2385 diluted with 
growth medium to a concentration that would result in about 15 to 20 infected foci 
per field of view when the cells were stained. Incubation for about 24 hours 
resulted in most plaques having the optimum size of one to several cells. The 
chamber walls, but not the gaskets, were removed from the slides. The cells were 
fixed for 10 minutes with a cold solution containing 80% acetone and 20% 
methanol. To run a screening test, sera to be tested plus suitable controls were 
diluted 1:20 in PBS, and 50 |il was spread onto a chamber area. Slides were 
incubated for 30 minutes in a humidified 37°C incubator, then washed 3 times, 
each for 5 minutes in PBS. An aliquot of suitably diluted goat origin FITC-
conjugated anti-porcine antiserum was spread on each chamber and incubated for 
30 minutes at 37°C. The conjugate was shaken off and the slide again was 
washed 3 times in PBS each for 5 minutes, dipped in distilled water, shaken, and 
allowed to air dry. In test interpretation by fluorescence microscopy, sera positive 
for antibodies produced numerous fluorescing plaques whereas negative sera had 
none. Weakly positive sera had numbers of fluorescing plaques similar to positive 
sera, but the fluorescence was less intense. 
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In experiment #1, sera for testing was collected at 0,10, and 28 DPI. In 
Experiment #2, sera for testing was collected at 0, 3,10,16, and 28 DPI. 
Virus Isolation 
The ATCC CRL-11171 cell line was used to isolate PRRSV from tissue 
suspensions and serum. Stock cultures were split at a ratio of 1:3 or greater and 
cultured in Dulbecco's Modified Eagle Medium (DMEM) plus 10% fetal bovine 
serum (FBS) in 25 cm^ flasks. Incubation before and after inoculation was at 37°C. 
A 20 to 30% tissue suspension was prepared in cell culture medium, then 
centrifuged (1800 x g) for 15 minutes. Some of the supernatant fluid was drawn 
into a syringe, then 1 to 2 ml was delivered into the flask through a syringe filter 
(0.45 |xm). Gentamicin (75 |ig/ml), penicillin G (250 units/ml), streptomycin (200 
|ig/ml) and amphotericin B (3 (xg/ml) were added to isolation medium. Inoculated 
flasks were incubated overnight and the medium was discarded. Fresh 
maintenance medium containing 2% FBS was added to each flask, and they were 
incubated for 7 days with observation for cytopathic effect (CPE), usually every 
other day. PRRSV-induced CPE was characterized as foci of rounded cells that 
would become more widespread and detach in 3-5 days. Cultures showing CPE 
were subpassaged to a new flask and a slide with 8 chambers as described above. 
Flasks without CPE after 7 days were frozen and thawed 3 times and 1 to 2 ml of 
medium and cells were used to blindly infect new flask. Second passage cultures 
were incubated 7 days and observed as before. Monolayers were stained with an 
anti-PRRSV monoclonal antibody SDOW-17 and FITC-conjugated anti-mouse 
immunoglobulin, then viewed with a fluorescence microscope for evidence of 
specific viral antigens. 
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In experiment #1, virus isolation was attempted from lung homogenates of 
individual pigs killed at 3, 7,10,21, or 28 DPI. In experiment #2, virus isolation 
was attempted from sera of all pigs individually at 28 DPI and in 2-pig pools at 10 
DPI. 
Gross Patholoav 
Complete necropsies were performed on all pigs. All organ systems were 
examined. An estimated percent of the lung with grossly visible pneumonia was 
given for each pig based on a previously described scoring system.''2-14 Each lung 
lobe was assigned a number to reflect the approximate volume of entire lung 
represented by that lobe. We assigned 10 possible points each to the right anterior 
lobe, right middle lobe, anterior part of the left anterior lobe, and caudal part of the 
left anterior lobe. The accessory lobe was assigned 5 points. We assigned 27.5 
points to each of the right and left caudal lobes to reach a total of 100 points. Gross 
lung lesion scores were estimated and a score given to reflect the amount of 
pneumonia in each lobe. The total for all the lobes was an estimate of the percent 
of the entire lung with grossly visible pneumonia. Other lesions were noted 
separately and had no effect on gross lung lesion scores. 
Microscopic Pathology 
Sections were taken from all lung lobes. Sections were also taken from 
nasal turbinates, cerebrum, thalamus, hypothalamus, pituitary gland, brain stem, 
choroid plexus, cerebellum, heart, pancreas, ileum, tonsil, mediastinal lymph node, 
middle iliac lymph node, mesenteric lymph node, thymus, liver, kidney, and adrenal 
gland for histopathologic examination. Tissues were fixed in 10% neutral buffered 
formalin for 1-7 days and routinely processed to paraffin blocks in an automated 
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tissue processor. Sections were cut at 6 ixm and stained with hematoxylin and 
eosin. 
Lung sections were blindly examined and given an estimated score of the 
severity of the interstitial pneumonia. The scores were as follows; 0=no 
microscopic lesions, 1=mild interstitial pneumonia, 2=moderate multifocal 
interstitial pneumonia, 3=moderate diffuse interstitial pneumonia, 4=severe 
interstitial pneumonia. 
Statistical Analvsis 
The effect of virus inoculation on gross and microscopic lung lesion scores 
was analyzed by use of unpaired t-test, Kruskal-Wallis test, Friedman test, and 
Mann-Whitney U-test. All of these tests gave similar analysis of these data. The 
rectal temperatures and clinical sign scores were analyzed by use of repeated 
measures analysis and Duncan's multiple range test for analysis of the differences 
between each isolate. 
Results 
Clinical disease 
Experiment #1. Unplaque-purified VR2386 inoculated pigs demonstrated 
the most severe clinical respiratory disease with mean respiratory disease scores 
of 3.1/6 to 3.5/6 from 6-10 DPI (Table 3). Respiratory disease was first seen at 3 
DPI and continued through 28 DPI. Respiratory disease was less severe and did 
not persist as long in the plaque-purified VR2385 group. The disease in the 
VR2386 group was characterized by labored and accentuated abdominal 
respiration and tachypnea. Coughing was not detected. When handling the pigs 
to collect rectal temperature data they often developed patchy dermal cyanosis that 
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persisted for 5-10 minutes. The pigs were lethargic by 3 DPI and were anorexic 
from 5-14 DPI. Chemosis was noted in several pigs from 6-10 DPI. 
The ISU-22 inoculated pigs experienced clinical respiratory disease similar 
to that of the VR2385 pigs, however, onset was later (5 DPI) and duration longer 
(28 DPI) than for the VR2385 group. ISU-984 inoculated pigs experienced 
moderate-to-severe respiratory disease from 4-21 DPI. Pigs in the ISU-22 and 
ISU-984 groups experienced lethargy, chemosis, and dermal cyanosis similar to 
that of the VR2385 groups. 
VR2431 inoculated pigs generally had a slower onset, lower severity, and 
shorter duration of clinical respiratory disease. Mild-to-moderate clinical disease 
characterized by dyspnea and tachypnea was observed from 5-13 DPI. The 
VR2431 pigs appeared to be completely recovered by 14 DPI. 
Mean rectal temperatures were above 40°C for all challenged groups by 7 
DPI, and remained above 40°C until after 10 DPI. This coincided with the period of 
most severe clinical respiratory disease. The control pigs remained clinically 
normal throughout the experiment. 
Experiment #2. Clinical respiratory disease scores are summarized in Table 
3. A few of the ISU-51 pigs had very mild transient respiratory disease from 7-21 
DPI. Most pigs in this group appeared essentially normal throughout the 36 days. 
ISU-55 induced mild dyspnea, tachypnea, lethargy, and anorexia from 4-10 DPI. 
ISU-1894 produced early (5-8 DPI), moderate respiratory disease of short duration, 
and the ISU-1894 pigs were generally recovered by 12 DPI. ISU-79 induced 
moderate-to-severe dyspnea, tachypnea, lethargy, and anorexia from 4 DPI to 15 
DPI. ISU-28 induced severe respiratory disease similar to ISU-79 but with later 
onset (at 5 DPI) and shorter duration. VR2385 induced moderate tachypnea and 
dyspnea of long duration (4-28 DPI). These pigs were also moderately lethargic 
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and anorexic during that time period. Pigs in three groups (VR2385, ISU-79, ISU-
28) frequently exhibited transient, patchy, blue-purple discoloration of the skin 
when stressed by handling. Controls remained normal throughout the 36 days. 
Duncan's multiple range test was used for analysis of clinical respiratory 
disease score data from 0-10 DPI. Clinical respiratory disease scores were 
significantly different (p<0.0001) between the groups. ISU-79 (mean=2.1, n=165) 
induced more severe respiratory disease than all other isolates. There was no 
difference in clinical respiratory disease induced by ISU-28 (mean=1.1, n=165), 
ISU-1894 (mean=0.9, n=165), or VR2385 (mean=0.9, n=165). Clinical respiratory 
disease induced by ISU-28, ISU-1894, and VR2385 was significantly more severe 
than that induced by ISU-55 (mean=0.6, n=165), ISU-51 (mean=0.2, n=165) or 
controls (mean=0.0, n=165). ISU-55 induced significantly more severe respiratory 
disease than ISU-51 or controls. ISU-51 induced significantly more severe 
disease than control cell culture. 
Rectal Temperatures 
Duncan's multiple range test was used for analysis of rectal temperature 
data from 0-10 DPI. There were significant differences (p<0.0001) in mean rectal 
temperatures between the groups. The ISU-79 group had significantly higher 
temperatures (mean=40.1°C, n=165) than all other groups except ISU-28 
(mean=40°C, n=165). The ISU-28 group rectal temperatures were significantly 
higher than all groups except ISU-79. Rectal temperatures of ISU-1894 
(mean=39.9°C, n=165), ISU-55 (mean=39.9°C, n=165) and VR2385 
(mean=39.7°C, n=165) groups were significantly higher than those of ISU-51 
(mean=39.6°C, n=165) and controls (mean=39.5°C, n=165), but were not different 
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from each other. Rectal temperatures of the ISU-51 group were significantly higher 
than control pigs which were significantly lower than all other groups. 
Gross Lesions 
Experiment #1. Gross lung lesions (mean ± SEM) were scored and 
estimated as percent of the lung with grossly visible pneumonia. Results are 
summarized in Table 4. The amount of pneumonia ranged from 7.3%±8.0 (ISU-
984) to 29%±5.0 (VR2386) at 3 DPI, 20%±9.5 (VR2431) to 56.3%±5.3 (VR2386) at 
7 DPI, 10.5%±7.0 (VR2431) to 77.55%±2.5 (VR2385) at 10 DPI, 0% (VR2431) to 
37.3%±10.8 (VR2386) at 21 DPI, and 0% (VR2431, VR2385) to 11%±8.5 (ISU-22) 
at 28 DPI. No grossly detectable lung lesions remained in any group at 36 DPI. No 
gross lung lesions were observed at any time in the control group. The pneumonia 
was primarily in the anterior, middle, accessory, and ventromedial portion of the 
caudal lung lobes. The consolidated areas were not well demarcated. These 
areas were multifocal within each lobe and had irregular and indistinct borders 
giving the affected lobes a tan-mottled appearance. Affected lungs were much 
heavier than control lungs. 
Pigs in all principal groups had generalized lymphadenopathy from 5-28 
DPI. Lymph nodes were 3-10 times normal size, tan in color, slightly edematous, 
and sometimes contained multiple 2-5 mm fluid-filled spaces. 
Experiment #2. Gross lung lesion scores (mean ± SEM) are summarized in 
Table 4. Mean scores at 10 DPI ranged from 16.7%±2.8 for ISU-51 to 62.4%±5.7 
for ISU-28. By 28 DPI, the mean gross lung scores were from 8.6%±4.5 for ISU-28, 
to 46.6%±11.1 for ISU-1894. Affected lungs were firm, mottled-tan-plum colored, 
and heavier than normal lungs (Figs. 1-5). All principal pigs had moderately 
enlarged, tan, and slightly edematous lymph nodes at 10 and 28 DPI. 
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Gross lung lesion scores were significantly different at 10 (p<0.0001) and 28 
(p<0.0001) DPI. At 10 DPI there were no significant differences between the gross 
lung lesions induced by ISU-28, VR2385, and ISU-79. These three isolates all 
induced significantly more severe (p<0.0005) gross lung lesions than the other 
three isolates (ISU-1894, ISU-55, ISU-51) and controls at 10 DPI. There was no 
significant difference between ISU-1894 and ISU-55 at 10 DPI. ISU-1894 scores 
were significantly higher (p<0.05) than those of ISU-51 at 10 DPI. ISU-55 and ISU-
51 were not significantly different from each other, however, both were significantly 
more severe {p<0.001) than controls. 
At 28 DPI, VR2385, ISU-79, and ISU-1894 were not different from each other 
but did induce significantly more severe {p<0.05) gross lung lesions than controls. 
ISU-51, ISU-55, and ISU-28 were not different from each other or controls at 28 
DPI. 
Microscopic Lesions 
Experiment #1. The type and severity of pneumonia in pigs inoculated with 
VR2385, VR2386, iSU-22, and ISU-984 was similar. Pneumonia was 
characterized by three major changes: i) type 2 pneumocyte hypertrophy and 
hyperplasia, ii) septal thickening with mononuclear cells, and iii) alveolar exudate 
consisting primarily of macrophages, necrotic debris, and frequently multinucleate 
cells. The lesions were often patchy in distribution and generally not associated 
with bronchioles. Bronchi and bronchiolar epithelium was normal. Pneumonia 
was mild by 4 DPI, severe at 10 DPI, moderate at 21 DPI, and mild by 28 DPI. The 
VR2431 inoculated group had mild patchy interstitial pneumonia characterized 
predominately by septal thickening with mononuclear cells from 3-28 DPI. Alveolar 
exudate and pneumocyte hypertrophy were minimal in VR2431 pigs. 
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Moderate lymphohistiocytic myocarditis was seen at 10, 21, and 28 DPI in 
the VR2386 group. Similar myocarditis was not observed until 28 DPI in the other 
groups. Encephalitis was only observed in the VR2386 group and not until 10-28 
DPI. The encephalitis was mild-to-moderate, and characterized by 
lymphohistiocytic perivascular cuffing and multifocal gliosis. 
Lymph nodes from pigs of all principal groups were hyperplastic and focally 
necrotic from 7-28 DPI. Follicles were expanded with lymphoblasts and tingible-
body macrophages. Vacuolated, or necrotic, and pyknotic cells were commonly 
observed within follicles and less often in the perifollicular regions. Perifollicular 
regions were expanded by a mixed mononuclear cell population. 
Experiment #2. The number of pigs in each group with pneumonia, rhinitis, 
myocarditis, and encephalitis is summarized in Table 5. Pneumonia was observed 
at 10 and 28 DPI in all principal pigs (Table 5). Estimates of microscopic lung 
lesion scores (means ± SEM) are given in Table 5. The pneumonia lesions 
induced by the different isolates were similar in type, but differed in severity. All 
isolates induced mild-to-severe, multifocal, proliferative and histiocytic interstitial 
pneumonia. The major features were; type 2 pneumocyte hypertrophy and 
hyperplasia, septal infiltration by mononuclear cells, and accumulation of necrotic 
debris and macrophages in alveolar spaces. Lesions were generally more severe 
at 10 DPI but persisted until 28 DPI in all groups. 
There were significant differences in microscopic lung lesion scores 
between the groups at 10 (p<0.001) and 28 (p<0.05) DPI. The microscopic lung 
lesions induced by VR2385 and ISL)-28 were significantly (p<0.01) more severe 
than those of ISU-1894, lSU-55, lSU-51, and controls. ISU-79 was significantly 
more severe than ISU-55 and controls. At 10 DPI, there were no differences 
between VR2385, ISLI-28, and ISU-79. There were no significant differences 
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between the scores of ISU-1894, ISU-55, and ISU-51, however, all three were 
significantly higher than controls. There were no differences between any of the 
principal groups at 28 DPI, however, all were significantly {p<0.05) higher than 
controls. 
Mild-to-moderate multifocal lymphohistiocytic rhinitis was observed at 10 
and 28 DPI in all groups (Table 5). Patchy loss of cilia and swelling and 
vacuolation of the turbinate epithelium was seen. There were increased numbers 
of leukocytes within the turbinate epithelium. Lymphohistiocytic and mild 
suppurative inflammation and edema was present in the submucosa. The ISU-
1894 group had the most pigs (12/15) with rhinitis, whereas, the ISU-51 group had 
the least (1/15). 
Myocarditis was observed at 10 and 28 DPI in all principal groups except the 
ISU-51 group (Table 5). When present, the myocarditis was characterized by mild-
to-moderate, multifocal, lymphoplasmacytic and histiocytic inflammation. 
Inflammation was most consistently seen in the endocardium and particularly 
around vessels. 
Where present, the encephalitis in all groups was characterized by mild-to-
moderate gliosis and lymphohistiocytic perivascular cuffing at 10 and 28 DPI. 
Encephalitis was more commonly observed in the VR2385 (9/15) and ISU-28 
(10/15) groups. Only 2/15 pigs in the ISU-51 group had encephalitis. One control 
pig had very mild lymphocytic perivascular cuffing. 
Lymphadenopathy was consistently seen at 10 and 28 DPI in all principal 
pigs. Follicles were markedly hypertrophic and hyperplastic at 10 and 28 DPI. 
Moderate numbers of individual and clusters of necrotic macrophage-like cells 
were seen within follicles at 10 DPI. Perifollicular regions were expanded by 
lymphocytes, plasma cells, and macrophages at 10 and 28 DPI. 
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vjru? I?platipn 
Experiment #1. PRRSV isolation was attempted only from the lungs. 
PRRSV was recovered from the lungs of 9/11 VR2385, 11/11 VR2386, 9/11 ISU-22, 
6/11 ISU-984, 9/11 VR2431, 0/11 cell culture controls, and 0/11 uninoculated 
controls from 3-28 DPI. Virus was recovered from the lungs of every pig 
necropsied at 3, 7, and 10 DPI in 4 of the groups (VR2385, VR2386, ISU-22, ISU-
984) and from 5/6 of the VR2431 inoculated pigs. Virus isolation was not attempted 
at 36 DPI. 
Experiment #2. PRRSV isolation was attempted from pooled serum samples 
of 2-pig-pools at 10 DPI and from individual pigs at 28 DPI. PRRSV was recovered 
from 5/5 VR2385, 5/5 ISU-28, 3/5 ISU-79, 5/5 ISU-1894, 5/5 ISU-55, and 4/5 of 
ISU-51 sera pools at 10 DPI. PRRSV was not recovered from the sera of any pigs 
at 28 DPI or from controls at 10 DPI. 
Seroloqv 
Experiment #1. All pigs were negative (IFA<1:20) for PRRSV serum 
antibodies at 0 DPI. Control pigs remained negative through 28 days. All principal 
pigs had PRRSV serum antibody titers from 1 ;320 to >1:2560 by 10 DPI. By 28 DPI 
the PRRSV serum antibody titers of principal pigs were from 1:1280 to >1 ;2560. 
Experiment #2. All control pigs remained negative for PRRSV serum 
antibodies. VR2385 serum antibody titers at 10 DPI ranged from 1:320 to >1:2560. 
ISU-28 serum antibody titers ranged from 1:80 to >1 ;2560 at 10 DPI. ISU-55 and 
ISU-51 inoculated pigs had serum PRRSV antibody titers at 10 DPI from 1:640 to 
1:1280. ISU-79 and ISU-1894 inoculated pigs at 10 DPI had titers of 1 ;1280 to 
>1:2560. 
104 
At 28 DPI, VR2385 inoculated pigs had titers of 1:640 to 1 ;1280. ISU-28 
inoculated pigs had titers of 1:640 to >1:2560. ISU-79 had titers of 1 ;1280 to 
>1:2560. ISU-1894 had titers of 1:320 to >1:2560. ISU-55 inoculated pigs had 
titers of 1:320 to >1:2560. ISU-51 inoculated pigs had titers of 1:160 to 1:1280. 
Discussion 
Crossbred 5-week-old CDCD pigs inoculated intranasally with 1o5-8 
TCID50 of PRRSV provide an excellent model to study and compare PRRSV-
induced respiratory and systemic disease. Using this model we found significant 
differences in pathogenicity between U.S. PRRSV isolates that originated from 
herds with varying disease severity. The severity of experimentally reproduced 
clinical disease and lesions generally mimicked that observed in the herd of origin. 
An exception was with ISU-1894. The herd from which ISU-1894 originated 
experienced very severe enzootic respiratory disease in 3-8 week-old pigs. We 
were successful in reproducing only mild-moderate respiratory disease and lesions 
with this isolate. The difference may be due to concurrent infection of pigs in this 
herd with the porcine respiratory coronavirus (PRCV) which we simultaneously 
isolated from several pigs. Some PRCV isolates have been shown to induce 
pneumonia by themselves^S'^^, and to enhance PRRSV-induced respiratory 
disease.36 A similar synergistic effect has been demonstrated with PRRSV and 
swine influenza viruses or PRRSV and Streptococcus suisJ'^ Concurrent infections 
likely are common and play an important role in expression of PRRSV-associated 
disease. Production styles such as continuous pig flow, all-in-all-out pig flow, and 
segregated early weaning impact the types of concurrent infections likely to occur 
in swine herds. 
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Gross lung and lymph node lesions are characteristic of natural or 
experimental PRRSV infection. All nine of the PRRSV isolates induced similarly 
enlarged, tan, lymph nodes. Obvious differences were apparent in the severity of 
the gross lung lesions. The severity of the gross lung lesions generally correlated 
well with severity of clinical disease. Others have been less successful in 
reproduction of gross lung lesions.4.7,23.29,34,4o j^js may be due to inherent virus 
properties, virus attenuation during propagation on different cell lines or 
macrophages, or the increased sensitivity of this CDCD pig model. Gross lung 
lesions appear to be an excellent parameter to compare virulence and possibly 
measure the success of protection from vaccination. 
The microscopic lesions we reproduced were similar to those of previous 
reports.'^-^'23.29.33.34.4o,43 Proliferative interstitial pneumonia and hyperplastic and 
focally necrotizing lymphadenopathy were characteristic lesions induced by all 
nine PRRSV isolates. Myocarditis, encephalitis, and rhinitis were less consistently 
reproducible lesions. Some isolates were more likely to induce rhinitis (ISU-1894), 
encephalitis (VR2385, ISU-28), and myocarditis (ISU-28, ISU-79) than others. 
General categorization of these nine isolates into low (ISU-55, ISU-51, 
VR2431, and ISU-1894) and high virulence (VR2385, ISU-22, ISU-79, and ISU-
984) groups should provide for meaningful comparison and analysis of genotypes. 
Considerable genetic analysis has already been completed and differences 
between U.S. and European isolates are striking.20,24,25,27 w© have compared the 
pathogenicity of the European Leiystad virus (LV) and two U.S. strains {VR2385, 
VR2431) in CDCD pigs and found that VR2385 was much more virulent than LV or 
VR2431.13,i4 \X has been reported that there is 96-100% homology in the putative 
membrane (M) protein (0RF6) and nucleocapsid (N) protein (0RF7) genes of U.S. 
and Canadian PRRSV isolates with differing virulence, however, their amino acid 
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sequences varied extensively from European PRRSV isolates.24.25 as researcii 
continues on other genes (0RF4 and 5), perhaps correlation betv^een virulence 
and genotype will be established. Because of the high prevalence of PRRSV, and 
sometimes inapparent PRRSV-induced clinical disease, pathologic, genetic, and 
antigenic characterization of PRRSV isolates will likely become important. 
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Figure 1. Normal appearing lung from a 5-week-old CDCD pig inoculated 10 days 
previously with PRRSV isolate ISU-51. 
Figure 2. Mild-to-moderate, multifocal, tan-plum colored pneumonia in a 5-week-
old CDCD pig inoculated 10 days previously with PRRSV isolate ISU-
1894. 
Figure 3. Severe, mottled-tan pneumonia in a 5-week-old CDCD pig inoculated 10 
days previously with PRRSV isolate ISU-28. Lesions were more severe 
in the anterior, middle, and accessory lobes, and ventromedial portion of 
the caudal lung lobes. 
Figure 4. Severe, mottled-tan pneumonia in a 5-week-old CDCD pig inoculated 10 
days previously with PRRSV isolate ISU-79. Lesions are similar to what 
is seen in severe cases of natural infection with PRRSV. 
Figure 5. Dorsal surface of a lung with severe, diffuse, tan-plum colored 
pneumonia in a 5-week-old CDCD pig inoculated 10 days previously 
with PRRSV isolate VR2385. More than 80 percent of the lung is 
affected. 
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Table 1. Profiles of swine herds fronn which nine PRRS virus isolates originated. 
Production Age of sick Type of 
Isolate Herd Size Style* pigst Disease:): 
VR2385 160 sows F-Fin/CF ail severe PRRS 
ISU-79 40 sows F-Fin/AIAO all severe PRRS 
ISU-28 150 sows F-Fin/CF all severe PRRS 
ISU-1894 600 sows F-FRP/CF 3-8 weeks severe resp 
ISU-22 900 sows F-FRP/AIAO 3-8 weeks severe resp 
ISU-51 100 sows F-Fin/CF 1-8 weeks moderate resp 
ISU-984 600 sows F-FRP/AIAO 3-6 weeks moderate resp 
ISU-55 150 sows F-Fin/CF 3-6 weeks mild resp 
VR2431 120 sows F-Fin/AIAO 1 -4 weeks mild resp 
* F-Fin=pigs are reared on the farm from farrowing-to-finishing at 110-120 kg, F-
FRP=pigs are reared on the farm from farrowing until sold as feeder-pigs at 
approximately 18-22 kg, CF=continuous flow of pigs through a room or building, 
AIAO=all-in-all-out production where a room or building is completely emptied 
of pigs before refilling with new stock. 
t all=pigs of all ages, including adults, were experiencing disease 
t PRRS=pigs on the farm experienced reproductive and respiratory failure, 
resp=only respiratory disease, not reproductive failure, was reported on these 
farms 
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Table 2. Design of 2 experiments where CDCD pigs were inoculated with one of 
nine different U.S. PRRSV isolates. 
3 7 10 21 28 36 Total 
T reatment DPI* DPI DPI DPI DPI DPI Pigs 
Experiment #1 
VR2386^ 2t 2 2 2 3 3 14 
VR2385 2 2 2 2 3 3 14 
ISU-984 2 2 2 2 3 3 14 
ISU-22 2 2 2 2 3 3 14 
VR2431 2 2 2 2 3 3 14 
Uninoculated Control 2 2 2 2 3 3 14 
Cell Culture Control § 2 2 2 2 3 3 14 
Experiment #2 
VR2385 10 5 15 
ISU-28 10 5 15 
ISU-79 10 5 15 
ISU-1894 10 5 15 
ISU-55 10 5 15 
ISU-51 10 5 15 
Cell Culture Control § 10 5 15 
* DPI=the day post inoculation on which pigs were necropsied. 
t the number of pigs from each group that were necropsied at each DPI. 
:J: unplaque-purified stock of VR2385 
§ cell culture controls consisted of mock-infected ATCC CRL-11171 cell culture 
fluids 
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Table 3. Clinical respiratory disease (mean and range) Induced by 6 
different PRRS virus isolates in 5-week-old CDCD pigs. 
Treatment 
3 DPI* 
Clinical 
Score t 
7 DPI 
Clinical 
Score 
10 DPI 
Clinical 
Score 
21 DPI 
Clinical 
Score 
28 DPI 
Clinical 
Score 
Experiment #1 
VR23864: 0.5 (0-1) 3.1 (2-4) 3.5 (2-4) 2.0 (2) 0.5 (0-1) 
VR2385 0.5 (0-1) 2.3 (1-4) 2.0 (1-3) 0.5 (0-1) 0(0) 
ISU-984 0.5 (0-1) 2.3 (0-3) 3.5 (1-5) 2.0 (2) 0(0) 
iSU-22 0(0) 2.4 (1-4) 3.5 (2-4) 2(2) 2.5 (2-3) 
VR2431 0(0) 2.3 (2-4) 2.4 (1-3) 0(0) 0(0) 
Uninoc Control 0(0) 0(0) 0(0) 0(0) 0(0) 
Cell Culture 0(0) 0(0) 0(0) 0(0) 0(0) 
Experiment #2 
VR2385 0.2 (0-3) 1.4 (1-4) 1.4 (0-2) 2.4 (0-3) 2.2 (1-5) 
ISU-28 0(0) 1.3 (0-3) 3.1 (1-4) 0(0) 0(0) 
ISU-79 0(0) 3.8 (2-5) 2.9 (2-5) 0.5 (0-2) 1.0 (1) 
ISU-1894 0(0) 1.5 (0-3) 1.1 (0-2) 0(0) 0(0) 
ISU-55 0(0) 0.8 (0-3) 1.5 (1-3) 0(0) 0(0) 
ISU-51 0(0) 0.7 (0-3) 0.2 (0-1) 0.2 (0-1) 0(0) 
Cell Culture 0(0) 0(0) 0(0) 0(0) 0(0) 
* DPI=days post inoculation when pigs were necropsied 
t Represents the mean and range (0-6) of clinical respiratory disease scores 
observed in each group at each DPI; O=normal, 1=mild dyspnea and/or 
tachypnea when stressed, 2=mild dyspnea and/or tachypnea when at rest, 
3=moderate dyspnea and/or tachypnea when stressed, 4=moderate dyspnea 
and/or tachypnea when at rest, 5=severe dyspnea and/or tachypnea when 
stressed, 6=severe dyspnea and/or tachypnea when at rest. 
t unplaque-purified stock of VR2385 
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Table 4. Gross lung lesion scores (mean ± SEM) induced by 9 different PRRS 
virus isolates in 2 experiments with 5-week-old CDCD pigs. The 
scores are an estimate of the percent (0-100) of the lung with grossly 
visible pneumonia. 
3 DPI* 7 DPI 10 DPI 21 DPI 28 DPI 
Treatment Gross scoref Gross score Gross score Gross score Gross score 
Experiment #1 
VR2386:t: 29.0+5.0 56.3±5.3 77.3±4.8 37.3i10.8 6.0i2.8 
VR2385 20.5±12.5 35.5+1.5 77.5±2.5 25.0i14.0 0.OiO.O 
ISU-984 7.3±8.0 21.8±13.0 76.0±2.3 21.0i6.5 0.5i0.5 
ISU-22 26.5±2.3 35.012.3 64.8±4.5 36.5i5.0 11.0i8.5 
VR2431 13.5±9.5 20.0+9.5 10.5±7.0 OiO.O OiO.O 
Uninoc Control 0±0.0 0±0.0 0±0.0 OiO.O OiO.O 
Cell Culture 0±0.0 OiO.O OiO.O OiO.O OiO.O 
Experiment #2 
VR2385 54.3±3.1 43.6i9.3 
ISU-28 62.4+5.7 8.6+4.5 
ISU-79 51.9±4.3 32.Oil 1.6 
ISU-1894 27.4±3.7 46.6i11.4 
ISU-55 20.8±4.8 14.4i5.4 
ISU-51 16.7±2.8 19.3i13.1 
Cell Culture 0.OiO.O 0.OiO.O 
* DPI=days post inoculation when pigs were necropsied 
t Gross lung lesion score (mean ± SEM) given as an estimate of the percent of 
the lung with grossly visible pneumonia. 
t unplaque-purified stock of VR2385 
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Table 5. Summary of the total number of PRRSV-inoculated (VR2385, ISU-28, 
ISU-79, ISU-1894, ISU-55, ISU-51) and control pigs in each group 
with microscopic lesions of encephalitis, myocarditis, rhinitis, and 
pneumonia. 
Pneumonia score 
Treatment Encephalitis Myocarditis Rhinitis Pneumonia 10 DPI 28 DPI 
VR2385 9/15* 3/15 5/15 15/15 3.5±0.2t 3.0±0.4 
ISU-28 10/15 10/15 8/15 15/15 3.7±0.3 1.9±0.5 
ISU-79 5/15 11/15 4/15 15/15 3.2±0.2 3.0±0.5 
ISU-1894 7/15 4/15 12/15 15/15 2.410.3 3.3±0.3 
ISU-55 7/15 6/15 6/15 15/15 2.5±0.3 1.6+0.4 
ISU-51 2/15 0/15 1/15 15/15 2.0±0.3 2.3±0.8 
Control 1/15 4/15 0/15 0/15 0.010.0 0.2±0.2 
* number of pigs with the lesion/number of pigs in the group 
t microscopic lung lesion scores (mean ± SEM); 0=no microscopic lesions, 
1=mild interstitial pneumonia, 2=moderate multifocal interstitial pneumonia, 
3=moderate diffuse interstitial pneumonia, 4=severe interstitial. 
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COMPARISON OF THE PATHOGENICITY OF TWO U.S. PORCINE 
REPRODUCTIVE AND RESPIRATORY SYNDROME VIRUS ISOLATES WITH THE 
LELYSTAD VIRUS 
A full manuscript accepted for publication in Veterinary Pathology 
PG Halbur, PS Paul, ML Frey, J Landgraf, K Eernisse, X-J Meng, 
MA Lum, JJ Andrews, and JA Rathje 
Abstract 
One of two U.S. isolates (VR2385, VR2431) of porcine reproductive and 
respiratory syndrome virus or the Leiystad virus were given intranasally to 25 4-
week-old cesarean-derived colostrum-deprived pigs. Pigs from these groups were 
necropsied on 1, 2, 3, 5, 7,10, 15, 21 or 28 days post inoculation. The Leiystad 
virus and VR2431 induced mild transient pyrexia, dyspnea and tachypnea. 
VR2385 induced labored and rapid abdominal respiration, pyrexia, lethargy, 
anorexia, and patchy dermal cyanosis. Ail three isolates induced multifocal tan-
mottled consolidation involving 6.8% (n=9, SEM=3.4) of the lung for Leiystad, 9.7% 
(n=9, SEM=2.7) of the lung for VR2431, and 54.2% (n=9, SEM=4.4) of the lung for 
VR2385 at 10 days post-inoculation. Characteristic microscopic lung lesions 
consisted of type 2 pneumocyte hypertrophy and hyperplasia, necrotic debris and 
increased mixed Inflammatory cells in alveolar spaces, and alveolar septal 
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infiltration with mononuclear cells. Lymphadenopathy with follicular hypertrophy, 
hyperplasia, and necrosis was consistently seen. Similar follicular lesions were 
also seen in Peyer's patches and tonsils. Lymphohistiocytic myocarditis and 
encephalitis were reproduced with all 3 isolates. Clinical respiratory disease and 
gross and microscopic lung lesion scores were considerably and significantly more 
severe in the VR2385 pigs. All three viruses were readily isolated from sera, lungs, 
and tonsils throughout the 28 days of the study. The lymphoid and respiratory 
systems have the most remarkable lesions and appear to be the major site of 
replication of these viruses. This work demonstrated a marked difference in 
pathogenicity of porcine reproductive and respiratory syndrome virus isolates. 
Introduction 
The LeIystad virus (LV) was isolated in The Netherlands in 199120 and 
porcine reproductive and respiratory syndrome virus (PRRSV) was isolated in the 
United States in 1992."'-2 Both were isolated from swine herds with outbreaks of 
reproductive failure in adults and respiratory disease in 1- to 16 week-old pigs. LV 
and PRRSV have since been characterized and tentatively classified along with 
lactate dehydrogenase elevating virus (LDV), simian hemorrhagic fever virus 
(SHFV), and equine arteritis virus (EAV) in the newly proposed virus family 
Arteriviridae ."''20 Methods to isolate and propagate LV and PRRSV and serum 
antibody detection techniques for these viruses have been described."'>20,22 
Antigen detection in tissues by use of a streptavidin-biotin immunoperoxidase 
technique demonstrated that PRRSV replicates primarily in macrophages in the 
respiratory and lymphoid systems.®-^ 
Porcine reproductive and respiratory syndrome (PRRS) in a naive herd may 
first be recognized as reproductive failure characterized by late-term abortions and 
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delivery of stillborn near-term fetuses or premature and weak piglets. Mid-
gestation abortions, mummified fetuses, early embryonic death, and infertility are 
also reported. 13 Neonatal death loss due to respiratory and systemic disease may 
be high.8 In 2- to 10-week-old pigs, PRRSV frequently causes respiratory disease 
with secondary bacterial pneumonia, septicemia and enteritis.4.24 Outbreaks may 
last from 1-4 months or become enzootic on some farms where pig-flow through 
the unit is appropriate for transmission of the virus from older stock to younger 
susceptible animals that have lost passive antibody protection. Reproductive 
failure due to PRRSV is less common now than it was from 1987-1991; however, 
respiratory disease in 2- to 10-week-old pigs due to PRRSV continues to be a 
problem in the midwestern United States.^'^ 
The severity and duration of an outbreak is variable: in fact, some herds are 
devastated by high production losses while other herds have no losses due to 
infection with PRRSV.''6,17 j^js may be due to a number of possibilities including 
the dose of virus at exposure, virus strain differences, pig genetic susceptibility 
differences, environmental or housing differences, or the production style (pig flow 
and female introduction practices) of the swine unit. 
The purpose of this study was to compare the pathogenicity of two U.S. 
PRRSV isolates (ATCC VR2385, ATCC VR2431) and a European isolate (Leiystad 
virus) in a common pig model to determine if strain differences exist. 
Materials and Methods 
Source of Isolates 
VR2385 was isolated from a 160-sow herd in southwest Iowa. This herd 
experienced high numbers of late-term abortions (40/160 sows), severe neonatal 
respiratory disease with high death loss, and severe pneumonia and systemic 
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disease with high death loss in 3- to 16-week-old pigs. VR2431 was isolated from 
a 120-sow farm in southeast Iowa that experienced one abortion and transient 
respiratory disease in 1- to 4-week-old pigs. The Leiystad virus (LV) was obtained 
by National Veterinary Services Laboratories (Ames, Iowa) from Dr. Gert 
Wensvoort, Centraal Diergeneeskundig Institut, Leiystad, The Netherlands. It was 
obtained as medium from the 11th passage of the virus in swine alveolar 
macrophages. 
Experimental Design 
One hundred cesarean-derived colostrum-deprived (CDCD) crossbred pigs 
were purchased at 4 weeks-of-age from a commercial laboratory (Struve 
Laboratory, Manning, Iowa). These pigs received no colostrum and had been 
reared in individual pens and fed a complete milk replacer until weaning at 3-4 
weeks of age. The pigs were then randomly divided into 4 groups of 25 pigs each, 
and each group was assigned to 1 of 4 isolation buildings at the National 
Veterinary Services Laboratories, Ames, Iowa. Within each building the pigs were 
randomly divided into 3 separate rooms (11 pigs, 11 pigs, and 3 pigs per room). 
Each room within the buildings had separate, automated ventilation systems. The 
pigs were housed on raised woven-wire decks and fed a pelleted complete 18% 
protein, corn and soybean meal based ration. All the pigs were between 4 and 5 
weeks of age at the time of inoculation. Following inoculation, groups of these pigs 
were necropsied as detailed in Table 1 at 1, 2, 3, 5, 7,10, 15, 21 or 28 days post-
inoculation (DPI). Nine pigs were necropsied at 10 DPI because this is when we 
have previously observed gross lung lesions to be most severe. 
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Virus Inocula Preparation 
Viruses from the 2 Iowa field cases were isolated from lung homogenates. 
The lung homogenates were centrifuged (3,000 rpm, 4°C, 30 minutes) and clarified 
(0.22 [xm membrane filter), then inoculated onto fresh monolayers of ATCC CRL-
11171 cells which had been extensively examined by culture for mycoplasmal 
contamination. Virus isolates were plaque-purified 3 times on the same cell line. 
The Leiystad virus was inoculated onto fresh ATCC CRL-11171 cells and passed 
twice more in the same cell line. Plaque-purified (VR2385 and VR2431) and 
nonplaque-purified (Leiystad) isolates were confirmed as PRRSV by reactivity in 
the indirect immunofluorescent antibody assay with monoclonal antibody SD0W17 
(Dr. David Benfield; South Dakota State University). Confluent monolayers of 
ATCC CRL-11171 cells were inoculated with 3X plaque-purified VR2385, VR2431 
or nonplaque-purified Leiystad virus (LV). Infected cultures were frozen (-70°C) 
when 60-80% cytopathogenic effect was observed. Frozen material was thawed 
and diluted to a final inoculation dose titer of lO^-S TCID50/5 ml for VR2385, lO'^-^ 
TCID50/5 ml for VR2431, and lO^-i TCID50/5 ml for LV. Challenge inocula 
consisted of VR2385 and VR2431 propagated to the 6th passage, and LV further 
propagated to the 3rd passage in ATCC CRL-11171 ceils. Cell control inoculum 
consisted of mock-infected ATCC CRL-11171 cell culture fluids that were 
processed in a manner identical to virus fluids. Cell control fluids were used at 5 
ml/dose. 
Pigs were inoculated intranasally by setting them on their buttocks 
perpendicular to the floor and extending their neck fully back. The inoculum was 
slowly dripped into both nostrils of the pigs taking approximately 2-3 minutes per 
pig. Control pigs were given 5 ml of uninfected cell culture media in the same 
manner. 
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Clinical Evaluation 
Rectal temperatures were taken and recorded daily from -2 DPI through 10 
DPI. A clinical respiratory disease score was given to each pig from day 0 to 10 
DPI. Scores range from 0-6; O=normal, 1=mild dyspnea and/or tachypnea when 
stressed, 2=mild dyspnea and/or tachypnea when at rest, 3=moderate dyspnea 
and/or tachypnea when stressed, 4=moderate dyspnea and/or tachypnea when at 
rest, 5=severe dyspnea and/or tachypnea when stressed, 6=severe dyspnea 
and/or tachypnea when at rest. The stress was that induced daily by the pig 
handler when holding the pig under his/her arm and taking the rectal temperature 
for approximately 30-60 seconds. Other relevant clinical observations (i.e., 
coughing, diarrhea, inappetance or lethargy) were noted separately and not 
reflected in the respiratory disease score. 
Pathologic Examination 
Complete necropsies were performed on all pigs. Macroscopic lung lesions 
were given a score to estimate the percent pneumonia of the lung. Each lung lobe 
was assigned a number to reflect the approximate volume of entire lung 
represented by that lobe. We assigned 10 possible points (5 for dorsal and 5 for 
ventral) each to the right anterior lobe, right middle lobe, anterior part of the left 
anterior lobe, and caudal part of the left anterior lobe. The accessory lobe was 
assigned 5 points. We assigned 27.5 points (15 for dorsal and 12.5 for ventral) to 
each of the right and left caudal lobes to reach a total of 100 points. Gross lung 
lesion scores were estimated and a score given to reflect the amount of pneumonia 
in each lobe. The total points for all the lobes was an estimate of the percent of the 
entire lung with grossly visible pneumonia. The scoring system and appropriate 
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sites where sections were taken for microscopic examination are summarized in 
Figure 1. 
Sections were taken from all lung lobes (Fig. 1), nasal turbinates, cerebrum, 
thalamus, hypothalamus, pituitary gland, brain stem, choroid plexus, cerebellum, 
heart, pancreas, ileum, tonsil, mediastinal lymph node, middle iliac lymph node, 
mesenteric lymph node, thymus, liver, kidney, and adrenal gland for 
histopathologic examination. Lungs were insufflated with fixative until the natural 
contour of the lung was reestablished and then the right bronchus was clamped off 
and the right lung submerged in fixative. All tissues were fixed in 10% neutral-
buffered formalin for 1-7 days and routinely processed to paraffin blocks in an 
automated tissue processor. Sections were cut at 6 fj,m and stained with 
hematoxylin and eosin. 
Lung sections were blindly examined and given an estimated score of the 
severity of the interstitial pneumonia. The scores were as follows; 0=no 
microscopic lesions, 1=mild interstitial pneumonia, 2=moderate multifocal 
interstitial pneumonia, 3=moderate diffuse interstitial pneumonia, 4=severe 
interstitial pneumonia. 
Virus Isolation 
The same organs or tissues from each of the 2 pigs necropsied from each 
challenge group were pooled at 1, 2, 3, 5, 7, 15, 21, or 28 DPI. At 10 DPI, 9 pigs 
were necropsied from each group, so 3 pools of the same tissues from 3 pigs were 
made from each challenge group. Serum was also similarly pooled. 
The MARC 145 cell line,9 a permissive clone of MA-104 cells, was used to 
isolate PRRS virus from tissue suspensions and serum. Stock cultures were split at 
a ratio of 1:3 or greater and cultured in MEM culture medium plus 8% FBS in 25 
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cm2 flasks. Incubation before and after inoculation was at 37°C. A 20 to 30% 
tissue suspension was prepared in cell culture medium, then centrifuged (1800 x g) 
for 20 minutes. Some of the supernatant fluid was drawn into a syringe, then 1 to 2 
ml was delivered into the flask through a syringe filter (0.45 |iim). The growth 
medium was not discarded before inoculation. Gentamicin (75 iig/ml), penicillin G 
(250 units/ml), streptomycin (200 iig/ml) and amphotericin B (3 |ig/ml) were 
routinely added to isolation medium. Inoculated flasks were incubated overnight 
and the medium was discarded. Fresh maintenance medium containing 4 percent 
FBS was added to each flask, and they were incubated for 9 days with observation 
for cytopathic effect (CPE), usually every other day. PRRSV or Leiystad virus 
induced CPE was characterized as foci of rounded cells that would become more 
widespread and detach in 3-5 days. Cultures showing CPE were subpassaged to 
a new flask and Leighton tubes when more than half of the cells were affected. 
Flasks without CPE after 9 days were frozen and thawed and 1 to 2 ml of medium 
and cells were transferred to a new flask, this time containing fresh maintenance 
medium. Second passage cultures were incubated 7 to 9 days and observed as 
before. Coverslips from the Leighton tube cultures were stained with an anti-
PRRSV monoclonal antibody SDOW-17 and FlTC-conjugated anti-mouse 
immunoglobulin, then viewed with a fluorescence microscope for evidence of 
specific viral antigens. 
Serology bv Indirect Immunofluorescence 
The MARC-145 cell line was also used for the indirect immunofluorescence 
assay (IFA). Medium was decanted from MARC-145 cells growing in 75 cm^ flasks, 
and the cells were trypsinized and resuspended in about 150 ml of MEM with 10 
percent FBS. Slides with 8 chambers were seeded with 0.05 ml of cell suspension 
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per chamber, with a suspension density that would result in optimum virus growth 
and reproducible plaque numbers with a given virus dilution. Without removing 
medium, monolayered chambers were infected with 0.05 ml of an NVSL strain of 
PRRS virus diluted with growth medium to a concentration that would result in 
about 15 to 20 infected foci per field of view when the cells were stained. 
Incubation for about 18 hours resulted in most plaques having the optimum size of 
one to several cells. The chamber walls, but not the gaskets, were removed from 
the slides. The cells were fixed for 10 minutes with a high grade acetone such as 
UltimAR that does not cause film formation from its effect on the gasket. Fixed and 
dried slides were stored for at least 6 months at -70°C. To run a screening test, 
sera to be tested plus suitable controls were diluted 1:20 in PBS, and 50 |j,l was 
spread onto a chamber area. Slides were incubated for 30 minutes in a humidified 
37°C incubator, then washed for 10 minutes in PBS. An aliquot of suitably diluted 
goat or rabbit origin FITC-conjugated anti-porcine antiserum was spread on each 
chamber and incubated for 30 minutes at 37°C. The conjugate was shaken off and 
the slide again was washed in PBS for 10 minutes, dipped in distilled water, 
shaken, and allowed to air dry. In test interpretation by fluorescence microscopy, 
sera positive for antibodies produced numerous fluorescing plaques whereas 
negative sera had none. Weakly positive sera had numbers of fluorescing plaques 
similar to positive sera, but the fluorescence was less intense. 
gtati?tigai Anaiy?i? 
The effect of virus inoculation on gross and microscopic lung lesion scores 
was analyzed by use of unpaired t-test, Kruskal-Wallis test, Friedman test, and 
Mann-Whitney U-test. All of these tests gave similar analysis of these data. The 
rectal temperatures and clinical sign scores were analyzed by use of repeated 
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measures analysis and Duncan's multiple range test for analysis of the differences 
between each isolate. 
Results 
Clinical Disease 
The mean clinical respiratory disease score for each group is summarized in 
Table 2. Control pigs remained normal throughout the study. Respiratory disease 
was minimal and similar in the Leiystad virus (LV) and VR2431 groups. By 2 DPI, a 
few pigs in each of these groups had mild, transient dyspnea and tachypnea after 
being stressed by handling. From 5-10 DPI, more of the pigs in these 2 groups had 
mild respiratory disease; and three pigs evidenced moderate, transient, labored 
abdominal respiration. Mean rectal temperatures peaked at 39.4°C at 5 DPI for the 
LV-inoculated pigs and at 40°C at 2 DPI for the VR2431-inoculated pigs. By 14 
DPI, all pigs in these 2 groups had recovered. Other transient clinical disease 
noted in individual pigs in these 2 groups included chemosis, reddened 
conjunctiva, ear drooping, and patchy cyanosis of skin when stressed by handling. 
Coughing was not observed. 
The VR2385 inoculated group had mild respiratory disease when resting at 
2 DPI. By 5 DPI, all the pigs in this group had moderate respiratory disease 
characterized by labored abdominal respiration and tachypnea when stressed. 
Some of the pigs in this group received scores of 5/6 for a 2- to 5-day period, and 
the mean clinical respiratory disease score peaked at 3.5/6 at 7 DPI. Respiratory 
disease was characterized by tachypnea and labored abdominal respiration, but 
no coughing was observed. Mean rectal temperatures peaked at 41 °F at 2 DPI. 
The VR2385 pigs generally were moderately lethargic and anorexic from 4-10 DPI. 
Other transient clinical signs included chemosis, rough hair coats, lethargy. 
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anorexia, and patchy dermal cyanosis. It took up to 21 DPI for the majority of the 
surviving pigs in this group to fully recover. 
Rectal temperatures (P<0.025) and clinical respiratory disease scores 
(P<0.001) were significantly different between the groups. Rectal temperatures of 
the VR2385 inoculated pigs were significantly different from LV and controls. 
VR2385 rectal temperatures were not significantly different from those of VR2431. 
There were no significant differences in rectal temperatures between VR2431, LV, 
and controls. In comparison of clinical respiratory disease scores, VR2385 was 
significantly different from VR2431, LV, and controls. VR2431 and LV were 
significantly different from VR2385 and controls but not different from each other. 
Controls were significantly different from VR2385, VR2431 and LV. 
Gross Lesions 
Lung lesions in the LV group and the VR2431 groups were similar in type 
and extent (Table 3). Lesions were first observed at 5 DPI for both groups and 
peaked at 15 DPI for the LV-inoculated group and at 10 DPI for VR2431-inoculated 
group. Individual scores ranged from 0-31 percent pneumonia for the LV group 
and 0-27 percent for the VR2431 group. Nine pigs were necropsied from each 
group at 10 DPI (Table 1.). The mean estimated percent pneumonia of the lung at 
10 DPI was 6.8 percent and 9.7 percent for LV and VR2431 inoculated pigs, 
respectively. The lesions were predominately in the cranial, middle, and accessory 
lobes and the ventromedial portion of the caudal lobes. The pneumonia was 
characterized by multifocal, tan-mottled areas, with irregular and indistinct borders 
(Figs. 2, 3). 
The VR2385 group had more extensive pneumonia. The distribution was 
similar to that of VR2431 and LV; however, the entire cranioventral lobes or large 
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coalescing portions of the cranial, middle, accessory, and ventromedial caudal 
lobes were involved (Fig. 4). There was no pleuritis and no grossly visible pus in 
airways. Estimated percent pneumonia of the lung in the 7- to 10-day period 
ranged from 28 percent to 71 percent. The estimated mean score of 9 pigs 
necropsied at 10 DPI was 54.2 percent pneumonia (Table 3). 
Gross lymph node lesions were more common than lung lesions with both 
VR2431 and LV groups. Lymphadenopathy was consistently observed in the 
mediastinal and middle iliac lymph nodes. These lymph nodes were tan in color 
and enlarged 2-10 times normal size from 5-28 DPI. There often was at least one 
1-5 mm fluid-filled cyst in each of these lymph nodes. No other gross lesions were 
observed in the LV or VR2431 groups. 
Lymph node lesions in the VR2385 group were generally similar to that 
observed in the other 2 groups. Additionally, lymph nodes along the thoracic aorta 
and in the cervical region were often 2-5 times normal size. Spleens were also 
slightly enlarged and firm. 
Several pigs in the VR2385 group had moderately enlarged and rounded 
hearts with 10-30 ml of clear fluid in the pericardial space. Some of these pigs also 
had 50-200 ml of similar fluid in the abdominal cavity. There was no visible 
exudate or fibrin in the fluid. 
The mean gross lung lesion scores induced by the various isolates were 
significantly different at 10 (P<0.0001), 15 (P<0.005), and 21 (P<0.05) DPI. At 10 
DPI, Lelystad was different from VR2385 (P<0.0001) and controls (P<0.01) but not 
different from VR2431. At 10 DPI, VR2431 was different from VR2385 (P<0.0001) 
and from controls (P< 0.001) but not from Lelystad. VR2385 was significantly 
different from the other two isolates (P<0.0001) and controls (P<0.0001) at 10 DPI. 
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Microscopic Lesions 
Heart. Control pigs necropsied up to 10 DPI had no evidence of myocardial 
inflammation. Several pigs throughout the study had randomly distributed discrete 
foci of hematopoietic cells in the endocardium and myocardium. These 
hematopoietic cells were in clumps of 10-30 cells, ranged in size from 8-20 jiim, 
had large round-oval, dark staining nuclei with dense, clumped chromatin, multiple 
small nucleoli and scant amphophilic cytoplasm. At 10 DPI, 2/9 control pigs had 
mild multifocal perivascular lymphohistiocytic myocarditis. This was also observed 
in 1/2 pigs necropsied at 15 and at 21 DPI, respectively. 
In the LV-inoculated pigs, mild multifocal extramedullary hematopoiesis was 
evident in most pigs up to 7 DPI. Mild myocarditis was first observed at 2 DPI and 
was inconsistent and mild in pigs posted from 3-10 DPI. The pigs necropsied at 15 
and 21 DPI had moderate multifocal myocarditis. The myocarditis was much less 
severe by 28 DPI. In all, 13/17 LV-inoculated pigs necropsied from 7-28 DPI had 
myocarditis characterized by mild-moderate perivascular, peri-Purkinje, or random 
lymphohistiocytic inflammation. Fewer numbers of plasma cells and eosinophils 
were found in areas of inflammation from 10-28 DPI. 
VR2431-inoculated pigs also had evidence of myocardial extramedullary 
hematopoiesis similar to the controls. Myocarditis was first observed at 7 DPI and 
was seen in 15/17 pigs necropsied from 7-28 DPI. The myocarditis was mild, 
multifocal, usually perivascular and peri-Purkinje, and lymphohistiocytic. 
Inflammation was most consistently found in the endocardium, often around or 
involving Purkinje fibers. Inflammation in the epicardium and myocardium was 
observed most consistently around vessels or randomly distributed between 
muscle fibers. Myocardial degeneration, necrosis, or fibrosis was not evident. Low 
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numbers of eosinophils were observed in the perivascular infiltrates in a 4/9 pigs at 
9 DPI. 
Moderate multifocal lymphohistiocytic myocarditis was observed beginning 
at 10 DPI in all the VR2385-inoculated pigs. Severe myocarditis was observed in 
2/9 pigs killed at 10 DPI and in 1/2 pigs killed at 15 (Figs. 5, 6), 21, and 28 DPI, 
respectively. The more severe cases were characterized by multifocal-to-diffuse, 
lymphoplasmacytic and histiocytic infiltrates that were most intense in the 
perivascular, peri-Purkinje, and endocardial regions. Lesser numbers of 
eosinophils and unidentifiable pyknotic cells were also observed associated with 
the inflammation. Myocardial degeneration, necrosis, or fibrosis was not evident. 
Lung. Very mild lung lesions were observed in 2/25 of the control pigs. One 
pig necropsied at 5 DPI had mild multifocal septal thickening with lymphocytes, 
macrophages, and neutrophils. At 10 DPI, one pig had mild peribronchiolar and 
perivascular lymphohistiocytic cuffing and a mild increased number of 
macrophages and neutrophils in the alveolar spaces. 
In the VR2431-inoculated pigs, microscopic lung lesions were first detected 
at 2 DPI and were present in 20/25 of the pigs. All pigs necropsied on or after 7 
DPI had microscopic lung lesions. The lesions when present were multifocal, mild 
(12/25) to moderate (8/25), generally most extensive at 10 DPI and nearly resolved 
at 28 DPI. The multifocal interstitial pneumonia was characterized by three main 
changes: (i) septal thickening with mononuclear cells, (ii) type 2 pneumocyte 
hypertrophy and hyperplasia, and (iii) accumulation of normal and necrotic 
macrophages in alveolar spaces. These changes were present throughout the 28-
day period. Mild-to-moderate peribronchiolar and perivascular lymphohistiocytic 
cuffing was observed in most pigs examined at 10-15 DPI but had resolved by 28 
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DPI. Lung lesions were seldom observed in sections taken from the caudal lung 
lobe. 
The LV-inoculated pigs had microscopic lung lesions very similar to those of 
VR2431 in distribution, type, and severity. Microscopic lung lesions were observed 
in 21/25 of the LV pigs. Lesions were first observed at 2 DPI and persisted 
throughout the 28-day period. The most severe lesions were seen in a few of the 
pigs necropsied at 10 DPI and in most of those necropsied at 15 and 21 DPI. The 
interstitial pneumonia was characterized mainly by septal thickening with 
mononuclear cells, peribronchiolar and perivascular lymphohistiocytic cuffing, and 
accumulation of macrophages and necrotic debris in alveolar spaces. Type 2 
pneumocyte hyperplasia and hypertrophy was less consistent and less severe than 
observed in the VR2431-inoculated pigs. Lung lesions were seldom seen in 
sections taken from the caudal lung lobe. 
Every pig that was inoculated with VR2385 and necropsied on or after 5 DPI 
had moderate-to-severe interstitial pneumonia. Mild multifocal lesions were 
observed at 2 DPI. They were moderate and multifocal by 5 DPI, severe and 
diffuse from 7-10 DPI, and still moderate but patchy at 21 and 28 DPI. The 
interstitial pneumonia at all stages was again characterized by the three main 
changes described above for VR2431. Of these three changes, the pneumocyte 
hypertrophy was most prominent and characteristic of VR2385 infection (Figs. 7, 8). 
Peribronchiolar and perivascular lymphohistiocytic cuffing was mild by 5 DPI, 
moderate by 10 DPI, and nearly resolved by 28 DPI. 
Microscopic lung lesion scores are summarized in Table 4. Mean scores of 
principal pigs ranged from 0.5/4.0 (VR2431) to 2.0/4.0 (VR2385) at 3 DPI. By 10 
DPI the range was 1.1/4.0 (LV) to 3.2/4.0 (VR2385). Statistical analysis of 
microscopic lung lesion scores demonstrated significant differences between the 
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isolates at 10 (P< 0.001) and 28 (P<0.05) DPI. At 10 DPI Leiystad was significantly 
different from VR2385 (P<0.0001) and controls (P<0.001) but not from VR2431. At 
10 DPI, VR2431 was different from VR2385 (P<0.001) and controls (P<0.001). 
VR2385 was different from all other isolates and controls (P<0.001) at 10 DPI. 
Adrenal gland. Both adrenal glands were examined from all pigs. Adrenal 
gland lesions were not observed in any of the control, VR2431, or LV-inoculated 
pigs. In the VR2385-inoculated pigs, 9/25 pigs had mild multifocal 
lymphoplasmacytic and histiocytic adrenalitis. Inflammation was usually observed 
in the medulla. Pyknotic cells and karyorrhectic debris was also observed amongst 
the inflammatory cells. Lymphoplasmacytic vasculitis and neuritis were also 
observed in the adrenal in 3/28 of the VR2385-inoculated pigs. 
Turbinate. Nasal turbinate lesions were similar in type but differed in 
severity and frequency in the 4 groups of pigs. A low number of the control (5/25) 
and LV-inoculated pigs (5/25) had mild rhinitis observed at 10-21 DPI. The rhinitis 
was characterized by patchy dysplasia of the epithelium, with loss of cilia and mild 
multifocal subepithelial lymphohistiocytic and suppurative inflammation with slight 
edema and congestion. More of the VR2431-inoculated pigs (17/25) had rhinitis. 
Lesions were mild at 5 DPI but moderate by 10 DPI. Epithelial dysplasia with 
intercellular edema, blebbed or "tombstone" appearance of swollen superficial 
epithelial cells becoming pyknotic and apparently sloughing into the nasal cavity, 
and complete or partial loss of cilia over large patches of epithelium was seen (Fig. 
9). There was moderate diffuse subepithelial edema, dilated and congested veins, 
and multifocal infiltrates of lymphocytes, plasma cells, macrophages and 
neutrophils. The inflammation was most intense near the location where the ducts 
of submucosal mucous glands extended to the surface. Leukocytic exocytosis, 
especially of neutrophils, was frequently observed in dysplastic surface epithelium 
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and along mucous ducts. By 21 DPI, the lesions had become mild and were 
resolved by 28 DPI. 
Rhinitis was first observed at 5 DPI in the VR2385-inoculated pigs. A total of 
20/25 pigs, and all 17 pigs necropsied on or after 7 DPI had rhinitis similar to that 
observed in the VR2431 group, except the lesion persisted throughout the 28-day 
period. 
Small intestine. Control pigs had no microscopic lesions in the ileum or the 
gut associated lymphoid tissue (GALT). Ileal and GALT lesions in the LV-
inoculated pigs were observed as early as 2 DPI and persisted through 28 DPI. 
Low-moderate numbers of necrotic lymphocytes or macrophages and pyknotic 
debris were present in the center of the Peyers patches and throughout the 
lymphoid tissue of the domes from 2-10 DPI. Moderate dome epithelial leukocytic 
exocytosis was frequently observed during this time. From 10-15 DPI, Peyers 
patches were hyperplastic and focally necrotic. Severe lymphohistiocytic 
mesenteric arteritis was observed in several pigs from 10-15 DPI. No lesions were 
observed in the small intestine on or after 21 DPI. 
Only 2/25 of the VR2431 pigs had detectable lesions in the ileum. These 2 
pigs had mildly increased numbers of necrotic cells and pyknotic debris in the 
lamina propria of the domes and in the Peyers patches. 
Nearly all of the VR2385-inoculated pigs had moderately increased 
numbers of necrotic cells and pyknotic debris in Peyers patches and in the lamina 
propria of domes beginning at 5 DPI and present through 15 DPI. Increased 
leukocytic exocytosis was also apparent in the dome epithelium during this period. 
All of the VR2385-inoculated pigs killed from 21-28 DPI had moderately 
hyperplastic GALT. Necrosis was less apparent in the GALT from 21-28 DPI. 
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Pancreas. No lesions were observed in the pancreas of the control pigs, 
VR2385, or the LV-inoculated pigs. In VR2431-inoculated pigs, 3/25 had 
lymphohistiocytic pancreatic mesenteric arteritis. One pig in this group had a focal 
area of lymphohistiocytic inflammation and fibrosis associated with vasculitis in the 
pancreatic parenchyma. 
Brain. Mild multifocal lymphohistiocytic choroiditis and rare vessels with 
small lymphoplasmacytic and histiocytic cuffs were seen in the brains of 5 control 
pigs from 5-28 DPI. 
In the LV-inoculated pigs, mild lymphohistiocytic cuffing of vessels in the 
meninges, choroid plexus, cerebrum, midbrain, and cerebellum was consistently 
seen at 2 and 3 DPI. This became moderately severe at 4 and 7 DPI and was 
associated with multifocal gliosis, glial nodule formation, swollen astrocytes, and 
the presence of increased numbers of pyknotic neurons. Moderate vasculitis was 
rarely seen. Lesions were similar in type but less severe by 10 DPI. No lesions 
were seen from 15-28 DPI. 
Mild multifocal lymphohistiocytic perivascular cuffing was seen in the brain 
and choroid plexus from 3-7 DPI in the VR2431-inoculated pigs. This became 
moderate by 10 DPI and was associated with gliosis, glial nodules, and swollen 
astrocytes. Pyknotic neurons were commonly seen in areas of gliosis. Moderate 
multifocal perivascular lymphohistiocytic meningitis was commonly seen at 10 DPI. 
A few small lymphoplasmacytic perivascular cuffs remained at 15 and 21 DPI, and 
no brain lesions were seen at 28 DPI. 
Brain lesions in VR2385-inoculated pigs were first seen at 2-3 DPI as mild 
lymphohistiocytic perivascular cuffing around vessels with swollen endothelia. By 
7 DPI, moderate multifocal-to-diffuse gliosis was seen and remained a 
characteristic feature through 28 DPI. From 10-28 DPI, there was moderate 
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lymphoplasmacytic and histiocytic perivascular cuffing, swollen endothelium, and 
vasculitis (Fig. 10). Moderate gliosis, astrocytosis, satellitosis and increased 
numbers of pyknotic neurons were seen in areas with affected vessels. 
Extramedullary hematopoiesis (Fig. 11) and moderate lymphohistiocytic 
inflammation was commonly seen in the choroid plexuses of most of the VR2385 
inoculated pigs from 5-28 DPI. Multifocal lymphohistiocytic perivascular meningitis 
was observed from 7-28 DPI. 
Lymph Nodes. Lesions in the mediastinal, tracheobronchial, mesenteric, 
and medial iliac lymph nodes were similar in all principal pigs. There was mild 
follicular hypertrophy and hyperplasia with formation of a few secondary follicles at 
15 and 21 DPI in the control pigs. No lesions were seen in the lymph nodes of 
control pigs from 1-10 DPI. 
Lymph node lesions in the VR2385, VR2431 and LV-inoculated pigs were 
similar and will be described together. At 2 DPI, mild-moderate diffuse edema was 
evident. High endothelial venules were prominent and swollen. By 3 DPI, follicles 
were becoming hyperplastic, perifollicular regions and cords were expanded by 
mixed mononuclear cells, and foci of mononuclear cell infilitrates were seen in the 
subscapular region. By 5 DPI, there was moderate to marked germinal center 
hyperplasia with increased numbers of lymphoblastic cells. Follicular 
macrophages and dendritic cells were swollen and vacuolated. Perifollicular and 
medullary cord regions were further expanded by lymphoblasts, macrophages and 
plasma cells. By 7 DPI, numerous pyknotic cells, severely swollen and vacuolated 
cells, tingible body macrophages, and karyorrhectic debris was present within 
follicles. Single necrotic cells or foci with 2-6 necrotic cells were common (Fig. 12). 
Necrotic cells were rarely seen outside follicles. By 10 DPI, hyperplasia was more 
severe, follicular necrosis was still present, and moderate numbers of pyknotic cells 
138 
were seen throughout the lymph nodes. Multifocal lymphohistiocytic vasculitis of 
trabecular and capsular arteries was evident in several of the pigs necropsied at 10 
DPI. At 15 and 21 DPI, 1-to-5 proteinaceous fluid-filled spaces were observed in 
the lymph nodes (Fig. 13). These spaces were not lined by endothelia or epithelia. 
Normal and pyknotic macrophages and lymphocytes were seen within these 
spaces. Some spaces replaced the center of follicles with the peripheral follicular 
reticular network still intact. Marked lymph node hyperplasia was a consistent 
feature from 15 to 28 DPI, and follicular necrosis was less severe. Much of the 
lymph node connective tissue was heavily infiltrated with mixed mononuclear cells. 
Tonsil. Tonsils from control pigs had mild follicular hyperplasia from 10-28 
DPI. There were hyperplastic and necrotic changes in the tonsils of the 3 
inoculated groups. Increased numbers of mixed mononuclear cells were seen 
infiltrating the crypt epithelium at 2 DPI. Moderate-severe follicular hypertrophy 
and hyperplasia was present by 5 DPI. Pyknotic cells and necrotic foci, clear 
spaces sometimes containing karyorrhectic debris and flocculent eosinophilic 
material were seen within the follicles by 5 DPI (Fig. 14). Moderate amounts of 
necrotic crypt debris intermixed with mixed inflammatory cells were seen from 5-28 
DPI. By 7 DPI, the lymphoreticular tissue surrounding follicles was expanded by 
mixed mononuclear cells; however, necrotic foci or individual necrotic cells were 
rarely seen outside the follicles. Hypertrophy and hyperplasia of follicles and 
expanded lymphoreticular tissue was still seen from 15-28 DPI; however, necrotic 
foci were less common. 
Thymus. No lesions were seen in the thymus of control or principal pigs. 
Rare necrotic foci with pyknotic cells and karyorrhectic debris were seen in the 
thymic medulla of all pigs. 
139 
Spleen. Red pulp comprised most of the spleen of the control and principal 
pigs. Splenic follicles were sparse until 15 DPI in control pigs. The primary 
follicles and periarteriolar lymphoid sheaths (PALS) that were present were normal 
in all respects in the control pigs throughout the study. Secondary follicles were 
rare. 
Splenic lesions were similar in the 3 principal groups. Moderate numbers of 
primary follicles and low numbers of secondary follicles were present by 10 DPI. At 
10 DPI, there was moderate follicular hypertrophy and hyperplasia. Individual 
pyknotic cells or small necrotic foci with karyorrhectic debris, tingible body 
macrophages, clear spaces, and flocculant eosinophilic material similar to that 
seen in the tonsil were observed within splenic primary follicles. Necrosis was not 
seen in the PALS. PALS were however moderately hyperplastic by 10 DPI. 
Moderate hyperplasia of follicles and PALS was still evident at 15 and 28 DPI, 
however, necrotic foci were rarely observed after 15 DPI. 
Virus Isolation 
PRRSV or LV was isolated from all the sera pools and nearly all the lung 
and tonsil pools of all principal pigs from 1 to 28 DPI. PRRSV was isolated from all 
of the VR2385 lymph nodes pools, 7/11 of the VR2431 pools, and 8/11 of the LV 
lymph node pools. In the spleen pools, 9/11,8/11, and 8/11 pools were PRRSV 
positive for VR2385, VR2431, and LV, respectively. PRRSV was isolated from 
10/11, 3/11, and 6/11 pooled intestinal samples from the VR2385, VR2431, and LV, 
respectively. In brain tissue pools, 5/11,4/11, and 1/11 were positive for VR2385, 
VR2431, and LV, respectively. PRRSV was isolated from 8/11,9/11, and 9/11 heart 
tissue pools from VR2385, VR2431, and LV, respectively. PRRSV was not 
recovered from any control pigs. 
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Serology 
All pigs challenged with LV were negative prechallenge and remained 
<1:20 through 7 DPI. By 10 DPI, 6/9 of the Leiystad virus pigs necropsied were 
seropositive with antibody titers ranging from 1:20 to 1 ;1280. Only 2/10 pigs had 
titers >1:20, both were 1:1280. By 15 DPI, all LV pigs were positive and 5/6 were 
>1:320. By 21 DPI, titers of 1:1280 or 1:5120 were most common in the LV group. 
Antibody titers in the VR2431 group were similar to those levels seen with the LV 
group. With VR2385 however, 9/9 were positive by 10 DPI and 7/9 had titers 
>1:320. No PRRSV serum antibody was detected in control pigs. 
Discussion 
This work demonstrates differences in pathogenicity between two U.S. 
PRRSV isolates and the Leiystad virus (LV). The clinical respiratory disease 
observed in the VR2385-inoculated pigs was more severe than described in 
previous reports of experimentally induced disease in pigs of similar age'is. 18. 23 
and, likewise, more severe than that induced in experimentally inoculated 3-day-
old gnotobiotic pigs.2 VR2385 appears to be a particularly virulent strain of 
PRRSV. This is consistent with the devastating disease observed on the farm from 
which VR2385 originated. 
Specific and consistent experimentally reproducible gross lung lesions have 
often not been observed in PRRSV-inoculated pigs in the past.2. is, 20, 23 our 4-
week-old CDCD pig model with VR2385 inoculation intranasally appears to be an 
excellent model for reproduction of extensive gross and microscopic lung lesions. 
This should provide an excellent model to study this disease and test vaccine 
efficacy. 
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Characteristic microscopic lung lesions were (i) septal infiltration with 
mononuclear cells, (ii) type 2 pneumocyte hypertrophy and hyperplasia, and (iii) 
accumulation of necrotic macrophages and debris in alveolar spaces. The VR2385 
inoculated pigs had earlier onset of lung lesions, significantly more severe lesions, 
and more persistent lung lesions. We previously reproduced similar proliferative 
and necrotizing interstitial pneumonia when using lung filtrates from a different 
Iowa PRRS outbreak as inocula for gnotobiotic pigs.5 Others have reported that 
the hallmark lung lesion for PRRSV is marked septal thickening with many 
macrophages and a few lymphocytes, and that the alveolar spaces were devoid of 
stainable material.2.23 we too observed the septal thickening; however, 
pneumocyte hypertrophy and hyperplasia and the presence of necrotic 
macrophages in alveolar spaces were major features in the lungs of all our 
principal pigs inoculated with the U.S. PRRSV strains. These later lesions are also 
what we more commonly see in field cases of PRRSV submitted to the Iowa State 
University Veterinary Diagnostic Laboratory. The lung lesions described by 
Rossow et al.'is are similar in type but less severe than what we saw in this study. 
Lymphadenopathy was induced by all isolates and characterized by 
follicular hypertrophy, hyperplasia, and necrosis. Perifollicular regions and 
medullary cords were expanded by mixed populations of mononuclear cells. 
Follicular hypertrophy, hyperplasia and necrosis were also commonly observed in 
the tonsils and spleens of all principal pigs. Lymphoid lesions are similar to those 
of previous reports^.is.is; however, we did not observe the polykaryocytes in areas 
of cystic degeneration that were reported by Rossow et al.''^ Lymphocytic 
depletion of the spleen, thymus, tonsil and lymph nodes has been reported in 
PRRSV-inoculated pigs^s, however, we did not observe lymphocytic depletion in 
our study and seldom is it observed in field cases in our experience. Macrophages 
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and dendritic cells, rather than lymphocytes, appear to be the main cells affected by 
PRRSV in the lymphoid system. 
PRRSV and LV were readily isolated from lungs, sera and tonsils of all 
principal pigs over the 28-day period. Other consistently good specimens from 
which to recover virus include lymph nodes, spleen, and heart. Only VR2385 was 
consistently isolated from intestines. 
This 4-week-old CDCD pig model was useful for demonstration of 
differences in pathogenicity of two U.S. PRRSV isolates and the European LV. 
Intranasal inoculation quickly results in viremia and dissemination of virus to 
several tissues. The lymphoid and respiratory systems have the most severe 
lesions and are likely the major sites of virus replication. The persistence of virus in 
several tissues is a remarkable feature of this disease and was consistently seen 
even in pigs inoculated with the lower virulence isolates. Viral antigen has been 
demonstrated in pulmonary alveolar macrophages and pneumocytes and in 
macrophages and dendritic-like cells in the lymphoid system.®-^ The demonstrated 
difference in pathogenicity of PRRSV isolates may help explain the variability 
observed in the field outbreaks of PRRS. Differences in pathogenicity between 
isolates are further supported by the reports of considerable antigenic ^nd 
genetic''^'I"'•''2 diversity among PRRSV and LV isolates. 
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Table 1. Design of experiment where 100 CDCD pigs were inoculated with 
Leiystad virus, PRRSV VR2385, PRRSV VR2431 or mock-infected 
(control) CRL-11171 cell culture fluids. 
Group 1 2 3 5 7 10 15 21 28 Pig 
Inocula Room DPI* DPI DPI DPI DPI DPIt DPI DPI DPI Total 
Leiystad 1 1 1 1 1 1  3  1 1 1  1 1  
Leiystad 2  1 1 1 1 1  3  1 1 1  1 1  
Leivstad 3 3 3 
VR2385 4  1 1 1 1 1  3  1 1 1  1 1  
VR2385 5  1 1 1 1 1  3  1 1 1  1 1  
VR2385 6 3 3 
Control 7  1 1 1 1 1  3  1 1 1  1 1  
Control 8  1 1 1 1 1  3  1 1 1  1 1  
Control 9 3 3 
VR2431 10 1 1 1 1 1 3  1 1 1  1 1  
VR2431 1 1  1 1 1 1 1  3  1 1 1  1 1  
VR2431 12 3 3 
*2 pigs were necropsied from each group at 1, 2, 3, 5 , 7  15, 21 or 28 days post 
inoculation (DPI). 
t9 pigs were necropsied from each group at 10 days post inoculation (DPI). 
Table 2. Mean estimated clinical respiratory disease scores of principal (Leiystad virus, PRRSV VR2385, 
PRRSV VR2431) and control CDCD pigs for the first 10 days post inoculation. 
GROUP ODPI* 1 DPI 2 DPI 3 DPI 4 DPI 5 DPI 6 DPI 7 DPI 8 DPI 9 DPI 10 DPI 
Control 
Leiystad 
VR2431 
VR2385 
Ot 
0 
0 
0 
0 
0.2 (0-2) 
0 
0.4 (0-1) 
0 
0.1 (0-1) 
0.3 (0-1) 
1.5 (1-3) 
0 
0.2 (0-1) 
0.2 (0-1) 
1.8 (1-4) 
0 
0.5 (0-2) 
0.4 (0-2) 
2.2 (1-4) 
0 
0.6 (0-2) 
0.6 (0-3) 
3.2 (1-5) 
0 
0.8 (0-2) 
0.3 (0-2) 
3.4 (2-5) 
0.1 (0-2) 
1.0 (0-4) 
1.3 (0-3) 
3.5 (3-5) 
0 
0.9 (0-2) 
0.7 (0-2) 
3.3 (2-4) 
0.1 (0-1) 
0.3 (0-2) 
0.5 (0-2) 
3.4 (2-5) 
0 
0.3 (0-2) 
0.5 (0-2) 
3.0 (2-4) 
*DPI=days post inoculation. 
t Represents the mean and range () of clinical respiratory disease scores observed in each group at each 
DPI; O=normal, 1=mild dyspnea and/or tachypnea when stressed, 2=mild dyspnea and/or tachypnea 
when at rest, 3=moderate dyspnea and/or tachypnea when stressed, 4=moderate dyspnea and/or 
tachypnea when at rest, 5=severe dyspnea and/or tachypnea when stressed, 6=severe dyspnea and/or 
tachypnea when at rest. 
Table 3. Gross lung lesions (mean + SEM) induced by Leiystad virus, PRRSV VR2385, or PRRSV 
VR2431. The scores are an estimate of the percent (0-100) of the lung with grossly visible 
pneumonia. 
1 2 3 5 7 10 15 21 28 
GROUP DPI* DPI DPI DPI DPI DPI DPI DPI DPI 
Control Ot 0 0 0 0 0 0 0 0 
Leiystad 0 0 0 4.75±2.75 2.25±2.25 6.83±3.36 13.25±6.75 1.75±1.75 0 
VR2431 0 0 0 2.50±0.50 12.75±1125 9.72±2.70 7.50±2.50 0 0 
VR2385 0 4.25±4.25 15.75±5.25 15.25±4.75 46.50±18.50 54.22±4.40 12.50±0.50 6.00±1.00 0 
*DPl=days post inoculation when pigs were necropsied 
t Gross lung lesion score (mean + SEM) given as an estimate of the percent of the lung with 
grossly visible pneumonia. 
Table 4. Microscopic lung lesion scores (mean + SEM) induced by Leiystad virus or PRRSV isolates 
VR2385 and VR2431. 
GROUP 1 2 3 5 7 10 15 21 28 
DPI* DPI DPI DPI DPI DPI DPI DPI DPI 
Control 0 0 0 0.50 ± 0.50 0 0 0 0 0 
Leiystad 0 1.00 ± 1.00 1.00 ±0.00 1.50 ±0.50 1.00 ±0.00 1.11 ±0.26 2.00 ±1.00 2.00 ± 0.00 1.50 ±0.50 
VR2431 0 0.50 ± 0.50 0.50 ± 0.50 0.50 ± 0.50 1.50 ±0.50 1.89 ±0.26 1.50 ±0.50 1.50 ±0.50 1.00 ±0.00 
VR2385 0 1.50 ±0.50 2.00 ± 0.00 1.50 ±0.50 3.00 ± 0.00 3.44 ±0.18 2.00 ± 0.00 2.00 ± O.GO 1.50 ±0.50 
*DPI=days post inoculation when pigs were necropsied 
tMicroscopic lung lesion scores (mean ± SEM); 0=no microscopic lesions, 1=mild interstitial pneumonia, 
2=moderate multifocal interstitial pneumonia, 3=moderate diffuse interstitial pneumonia, 4=severe 
interstitial pneumonia. 
Figure 1. Gross lung lesion scoring system (100 points) and areas (bars) where 
sections were taken for microscopic examination. 
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Figure 2. Lung from a pig inoculated 10 days previously with VR2431 PRRSV. 
Note the mild multifocal mottled-tan consolidation (arrows). 
Figure 3. Lung from a pig inoculated 10 days previously with Leiystad virus. Note 
the mild mottled-tan consolidation of the lung. 
Figure 4. Lung from a pig inoculated 10 days previously with VR2385 PRRSV. 
Note the severe mottled-tan-red consolidation of the lung. 

Figure 5. Heart from a pig inoculated with VR2385 PRRSV 15 days previously. 
Note the severe multifocal lymphohistiocytic inflammation. HE. Bar = 70 
|j.m. 
Figure 6. Heart from a pig inoculated with VR2385 PRRSV 15 days previously. 
Note the severe perivascular lymphohistiocytic inflammation. HE. Bar = 
70 |j,m. 
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Figure 7. Lung from a pig inoculated with VR2385 PRRSV 10 days previously. 
Note the diffuse proliferative interstitial pneumonia. HE. Bar = 86 jum. 
Figure 8. Lung from a pig inoculated with VR2385 PRRSV 10 days previously. 
Note the marked pneumocyte hypertrophy and hyperplasia (arrow), 
necrotic material in alveolar spaces, and septal infiltration with 
macrophages. HE. Bar = 21 jum. 
Figure 9. Turbinate from a pig inoculated with VR2431 PRRSV 10 days previously. 
Note the loss of cilia, blebbing of the epithelium, and mild submucosal 
edema and inflammation. HE. Bar = 21 |j,m. 

Figure 10. Cerebrum from a pig inoculated witli VR2385 PRRSV 10 days 
previously. Note the vasculitis, swollen endothelial cells (arrows), and 
perivascular lymphohistlocytic cuffing. HE. Bar = 21 |j.m. 
Figure 11. Choroid plexus from a pig inoculated with VR2385 PRRSV 10 days 
previously. Note the dilated vessels in the choroid plexus and the 
extramedullary hematopoiesis (arrow) including megakaryocytes 
(arrow head). HE. Bar = 21 |j.m. 

Figure 12. Lymph node from a pig inoculated with VR2385 PRRSV 7 days 
previously. Note the foci of necrotic macrophages (arrows) within the 
hyperplastic follicles. HE. Bar = 70 |j,m. 
Figure 13. Lymph node from a pig inoculated with Leiystad virus 15 days 
previously. Note the fluid-filled space that contains pyknotic 
mononuclear cells (arrow). HE. Bar = 70 |i.m. 
Figure 14. Tonsil from a pig inoculated with VR2431 5 days previously. Note 
hyperplastic follicles with foci of necrotic and pyknotic cells (arrows), 
and the exocytosis of macrophages across crypt epithelium (arrow 
head). HE. Bar = 70 i^m. 
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COMPARISON OF THE ANTIGEN DISTRIBUTION OF TWO U.S. PORCINE 
REPRODUCTIVE AND RESPIRATORY SYNDROME VIRUS ISOLATES WITH 
THAT OF THE LELYSTAD VIRUS 
A full manuscript accepted for publication in Veterinary Pathology 
PG Halbur, PS Paul, ML Frey, J Landgraf, K Eernisse, X-J Meng, 
JJ Andrews, MA Lum, and JA Rathje 
Abstract 
Immunohistochemistry was performed on formalin-fixed tissues from 100 4-
week-old cesarean-derived colostrum-deprived pigs inoculated with one of two 
different U.S. porcine reproductive and respiratory syndrome virus isolates 
(VR2385, VR2431) or the European Leiystad virus in order to detect and compare 
the location and amount of virus antigen. Interstitial pneumonia, myocarditis, 
lymphadenopathy and encephalitis were consistently seen in all 3 principal 
groups, however, disease and lesions were more severe in the VR2385 group. 
Virus antigen was detected in alveolar macrophages in 22/25, 16/25, 14/25 and 
0/25 of the lungs from the VR2385, VR2431, Leiystad and control pigs, respectively. 
Follicular macrophages and dendritic cells in the lymph nodes of 14/25, 10/25, 
10/25 and 0/25 pigs from the VR2385, VR2431, Leiystad and control groups, 
respectively, stained positive for virus antigen. Similar cells in the tonsils from 
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25/25, 21/25, 23/25 and 0/25 pigs from the VR2385, VR2431, Leiystad and control 
groups, respectively, stained positive for virus antigen. Other tissues and cells in 
which virus antigen was detected included macrophages and endothelial cells in 
the heart, macrophages and interdigitating cells in the thymus, macrophages and 
dendritic cells in the spleen and Peyer's patches, as well as macrophages in 
hepatic sinusoids, renal medullary interstitium, and adrenal gland. PRRSV 
persisted in macrophages in the lung, tonsil, lymph node, and spleen for at least 28 
days. Significantly more PRRSV antigen was detected in the lung (P<0.01), lymph 
nodes (P<0.05), and tonsils (P<0.05) of the VR2385 pigs than was detected in the 
same tissues of the VR2431 and Leiystad pigs. The cell types in which PRRSV 
antigen was detected, and the distribution of PRRSV antigen-positive-cells within 
particular tissues and organs, was generally similar for the different virus 
inoculation groups despite differences in virulence of the isolates. 
Introduction 
A syndrome known as porcine reproductive and respiratory syndrome 
(PRRS) was first recognized in the United States in 1987'''' and in Europe in 
19903"'. The Leiystad virus (LV) was isolated in 1991 in the Netherlands from pigs 
with PRRS.3'' Porcine reproductive and respiratory syndrome virus (PRRSV) was 
subsequently isolated in 1992 in the United States.2.3 PRRSV and LV have since 
been characterized and classified in the recently proposed Arterivirus group of 
superfamily Coronaviridae along with lactate dehydrogenase-elevating virus, 
simian hemorrhagic fever virus, and equine arteritis virus.2.14,18,19,21,32 
PRRSV and LV have been shown to induce reproductive failure at all stages 
of gestation and respiratory disease in newborn to 16-week-old pigs.3.7,20,26,29,31 
Secondary respiratory and systemic bacterial infections are often observed on 
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farms with pigs infected with PRRSV 4.36 Some herds are devastated by high 
production losses while other herds have inapparent infections.27,28 
PRRSV antigen has been detected utilizing monoclonal antibody based 
immunohistochemistry (IHC) in alveolar macrophages,8.17 epithelial-like cells of 
alveolar ducts'^7, pneumocytes^, myocardial endothelial cells^, and in 
macrophages in several tissues8.9.i7. One report describes the detection of 
PRRSV antigen in the bronchiolar epithelium and type 2 pneumocytes by indirect 
immunofluorescent antibody examination of frozen tissue sections using polyclonal 
serum.26 a thorough comparison of the antigen distribution of different isolates in a 
common model as disease progresses over an extended period of time has not 
been done. The purpose of this study was to compare the pathogenicity and 
antigen distribution of two U.S. PRRSV isolates (VR2385, VR2431) and a 
European isolate (Leiystad virus). 
Materials and Methods 
Source of Isolates 
VR2385 was isolated from a 160-sow herd in southwest Iowa. This herd 
experienced high numbers of late-term abortions (40/160 sows), severe respiratory 
disease in neonatal pigs, severe pneumonia and systemic disease in 3-16-week-
old pigs, and high death loss in pigs less than 16 weeks old. VR2431 was isolated 
from a 120-sow farm in southeast Iowa that experienced one abortion and mild 
transient respiratory disease in 1-4-week-old pigs. The LV was obtained by the 
National Veterinary Services Laboratories (Ames, Iowa) from Dr. Gert Wensvoort, 
Centraal Diergeneeskundig Institut, Leiystad, the Netherlands. It was obtained as 
medium from the 11th passage of the virus in swine alveolar macrophages. 
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Experimental Design 
One hundred cesarean-derived-colostrum-deprived (CDCD) pigs were 
purchased at 4 weeks-of-age. The pigs were randomly divided into 4 groups of 25 
pigs each and each group was randomly assigned one of four treatments. The pigs 
were housed in four isolation buildings at the National Veterinary Services 
Laboratories, Ames, Iowa. The four treatments included intranasal inoculation with 
cell culture containing one of three viruses (ATCC-VR2385, VR2431, LV) or with 
uninfected cell culture medium. Two pigs from each group were necropsied at 1, 2, 
3, 5, 7, 15, 21, and 28 days post inoculation (DPI). Nine pigs from each group were 
necropsied at 10 DPI. 
Virus Inocula Preparation 
Virus isolates from the Iowa field cases were plaque-purified three times on 
CRL 11171 cell monolayers. The LV was inoculated onto fresh CRL 11171 cells 
and passaged twice more in the same cell line. All isolates were confirmed as 
PRRSV by reaction in an indirect immunofluorescent antibody assay with 
monoclonal antibody SDOW-17 (Dr. David Benfield; South Dakota State 
University). Confluent monolayers of CRL 11171 cells were inoculated with 3X 
plaque-purified VR2385, VR2431, or nonplaque-purified LV. Infected cultures were 
frozen (-70°C) when 60-80% cytopathogenic effect was observed. Frozen material 
was thawed and diluted to a final challenge dose titer of lO^-S TCID50/5 ml for 
VR2385, 104-8 TCID50/5 ml for VR2431, and 1051 TCID50/5 ml for LV. Challenge 
inocula consisted of VR2385 and VR2431 virus propagated to the 6th passage, 
and LV propagated to the 3rd passage in CRL 11171 cells. Cell control inoculum 
consisted of mock-infected CRL 11171 cell culture fluids that were processed in an 
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identical manner to virus fluids. Cell culture fluids were used at 5 ml/dose. All pigs 
were challenged intranasally. 
Immunohistochemistrv 
Tissues were fixed in 10% neutral-buffered formalin for 1-7 days and 
routinely processed to paraffin blocks in an automated tissue processor. 
Immunohistochemistry (IHC) was performed on four blocks of lung tissue which 
included eight pieces (1cm X 2cm) of lung; two pieces from the right anterior lobe, 
two from the right middle lobe, one from the ventromedial part of the right caudal 
lobe, one from the dorsomedial part of the right caudal lobe, one from the mid-
lateral part of the right caudal lobe, and one from the accessory lobe of each pig. 
Three blocks of brain which included one piece of the cerebellum, brain stem, 
midbrain, cerebrum, and pituitary were used for IHC. IHC was performed on two 
pieces (1cm X 2cm) of the mediastinal, middle iliac, tracheobronchial, and 
mesenteric lymph nodes in separate blocks. Two pieces (1cm X 2 cm) of the heart, 
pancreas, liver, kidney, tonsil, and thymus which were in separate blocks were also 
examined by IHC. Two cross sections of ileum, turbinate, and adrenal gland in 
separate blocks were examined by IHC. One section of each of these blocks was 
examined. 
PRRSV immunohistochemical staining was done as we have recently 
described.8.9 Sections were cut at 3 |Lim and mounted on poly-L-Lysine coated 
slides. Endogenous peroxidase was blocked by three 10-minute changes of 3% 
hydrogen peroxide. This was followed by a TRIS bath and then digestion with 
0.05% protease (Protease XIV, Sigma Chemical Company, St. Louis, Mo.) in TRIS 
buffer for 2 minutes at 37°C. After another TRIS buffer bath, blocking was done for 
20 minutes with a 5% solution of normal goat serum. Primary monoclonal antibody 
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ascites fluid diluted 1 ;1000 in TRIS/PBS was added for 16 hours at 4°C in a 
humidified chamber. The monoclonal antibody SDOW-17 (Dr. Dave Benfield, 
South Dakota State Univ.) has been recently characterized and recognizes a 
conserved epitope of the PRRSV nucleocapsid protein.24 After primary antibody 
incubation and a subsequent 5 minute TRIS bath containing 1% normal goat 
serum, the slides were flooded with biotinylated goat anti-mouse linking antibody 
(Dako Corporation, Carpintera, CA) for 30 minutes. The sections were washed 
with TRIS and treated with peroxidase-conjugated streptavidin (Zymed 
Laboratories, South San Francisco, CA) for 40 minutes and incubated with 3, 3'-
diaminobenzidine tetrahydrochloride (Vector Laboratories Inc., Burlingame, CA.) 
for 8-10 minutes. Sections were then stained with hematoxylin. 
Immunohistochemical controls consisted of sections treated with TBS instead of the 
primary antibody. Tissues from uninfected control pigs served as negative controls. 
Antigen amount was given a ranked score of 0-4. This was an estimate of 
the number of positive cells per section of tissue taken from each block where 0 = 
no PRRSV-antigen-positive cells, 1 =1-10 positive cells, 2 = 11-30 positive cells, 3 
= 31-100 positive cells, and 4 = more than 100 positive cells per section of tissue 
examined. The scoring was done blindly by the author (PGH). 
Statistical Analvsis 
The IHC scores were subjected to statistical analysis of nonparametric data 
by the Kruskal-Wallis and Mann-Whitney U tests. 
Virus Isolation 
The same organs or tissues from each of the 2 pigs necropsied from each 
challenge group were pooled at 1, 2, 3, 5, 7,15, 21, and 28 DPI. At 10 DPI, 9 pigs 
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were necropsied from each group and 3 pools of the same tissues from 3 pigs were 
made from each challenge group. Serum was also similarly pooled. 
The MARC 145 cell linei^, a permissive clone of MA-104 cells, was used to 
isolate PRRS virus from tissue suspensions and serum. Stock cultures were split at 
a ratio of 1:3 or greater and cultured in MEM culture medium plus 8% FBS in 25 
cm2 flasks. Incubation before and after inoculation was at 37°C. A 20 to 30% 
tissue suspension was prepared in cell culture medium, then centrifuged for 20 
minutes. Some of the supernatant fluid was drawn into a syringe, then 1 to 2 ml 
was delivered into the flask through a syringe filter (0.45 nm). The growth medium 
was not discarded before inoculation. Gentamlcin (75 |ig/ml), penicillin G (250 
units/ml), streptomycin (200 |ig/ml) and Amphotericin B (3 |ig/ml) were added to 
isolation medium. Inoculated flasks were incubated overnight and the medium was 
discarded. Fresh maintenance medium containing 4 percent FBS was added to 
each flask and they were Incubated for 9 days with observation for cytopathic effect, 
(CPE) usually every other day. Cultures showing CPE were subpassaged to a new 
flask and Leighton tubes when more than half of the cells were affected. Flasks 
without CPE after 9 days were frozen and thawed and 1 to 2 ml of medium and 
cells was transferred to a new flask, this time containing fresh maintenance 
medium. Second passage cultures were incubated 7 to 9 days and observed as 
before. Coverslips from the Leighton tube cultures were stained with an anti-
PRRSV monoclonal antibody SDOW-17 and FITC-conjugated anti-mouse 
immunoglobulin, then viewed with a fluorescence microscope for evidence of 
specific viral antigens. 
170 
Results 
Immunohlstochemlstrv 
Table 1 summarizes the number of specific tissues in which PRRSV antigen 
was detected at each DPI for each principal group. Table 2 summarizes the 
estimated amount of antigen in selected tissues. Table 3 summarizes the cell types 
in different tissues which were positive for PRRSV antigen. No PRRSV antigen 
was detected in any tissues from the control pigs. 
PRRSV antigen was detected in 22/25, 14/25 and 14/25 of the lungs from 
the VR2385, VR2431, and LV-inoculated pigs, respectively. PRRSV antigen was 
almost exclusively within the cytoplasm of alveolar macrophages (Fig. 1) and 
infrequently seen within the cytoplasm of mononuclear cells within the alveolar 
septa. Some of the positive macrophages within the septa resembled intravascular 
macrophages. Less intense antigen staining was detected rarely in cells that 
resembled sloughed type 2 pneumocytes. PRRSV antigen was occasionally 
detected within macrophages or amongst necrotic debris in bronchiolar lumina. 
The bronchi or bronchiolar epithelium did not stain for PRRSV antigen. PRRSV 
antigen was detected in the lung as early as 1 DPI and for as long as 28 DPI (Table 
1). The anterior and middle lobes were considerably better for antigen detection. 
PRRSV antigen was detected in 22/25 anterior and middle lobes, 17/25 accessory 
lobes, and 14/25 caudal lobes of VR2385-inoculated pigs. For VR2431, 15/25, 
11/25, and 4/25 of the anterior and middle, accessory, and caudal lobes were 
PRRSV antigen-positive, respectively. For LV, 11/25, 8/25, and 3/25 of the anterior 
and middle, accessory, and caudal lobes were PRRSV antigen-positive, 
respectively. When antigen was detected it usually was associated with 
inflammation, in particular with large macrophages and necrotic debris within 
alveolar spaces that were often at least partially lined by hyperplastic and 
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hypertrophied type 2 pneumocytes. The distribution of antigen in the lung was very 
patchy. We often were unable to detect antigen in extensive areas of interstitial 
pneumonia typical of PRRSV. A score was given to estimate the number of 
PRRSV-antigen-positive cells in each section (Table 2). In the lung, this score 
peaked at 3-10 DPI and was higher in the VR2385-inoculated pigs than in the other 
two groups. 
PRRSV antigen was detected in the hearts of 9/25, 2/25, and 3/25 of the 
VR2385, VR2431, and the LV -inoculated pigs, respectively. PRRSV antigen-
positive cells were seen from 3-15 DPI, were low in number and patchy in 
distribution. The antigen-positive cells were endothelial-like cells lining small 
capillaries or lymphatics and also macrophages scattered between myocytes. It 
was not unusual to see very severe myocarditis and fail to detect PRRSV antigen in 
the section. 
One section (2 pieces) of each of the mediastinal, tracheobronchial, 
mesenteric, and medial iliac lymph nodes of all the pigs was examined 
immunohistochemically for PRRSV antigen. More of the VR2385-inoculated pigs 
(14/25) had PRRSV antigen detected in the lymph nodes. Less of the VR2431 
(10/25) and LV (10/25) inoculated pigs were positive. The mediastinal lymph node 
was most consistently positive. Intense and specific staining was most often seen 
within cells in germinal centers that were hyperplastic and focally necrotic. PRRSV 
antigen-positive cells were detected in the central zone, corona, and less often in 
the mantle zone. The positive cells were round, polygonal, stellate or irregular in 
shape with 1-2 large round nuclei and abundant cytoplasm. Most of the positive 
cells resembled macrophages or dendritic cells (Fig. 2). Many of the more round-
shaped macrophage-like PRRSV-antigen-positive cells in the follicles were 
swollen and vacuolated and contained tingible bodies (Fig. 2). PRRSV was much 
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less frequently detected in smaller macrophages in the perifollicular lymphoid 
tissue and in the connective tissue trabeculae. When fluid-filled spaces were seen, 
PRRSV antigen was detected within macrophage-like cells near the borders of the 
spaces. Antigen was detected within lymph nodes as early as 1 DPI and for as 
long as 28 DPI. The largest estimated amount of antigen was detected in the 
lymph nodes from 2-7 DPI. The VR2385-inoculated pigs consistently had the 
largest amount of antigen detected in the lymph nodes from 1-10 DPI (Table 2). 
PRRSV antigen was detected in 25/25, 21/25, and 23/25 pig tonsils from the 
VR2385, VR2431, and the LV-inoculated pigs, respectively. PRRSV antigen was 
very patchy in distribution in the tonsils. PRRSV antigen was most readily detected 
within and closely surrounding the crypt epithelium and within follicles. In the crypt 
epithelium, the PRRSV antigen was present in the cytoplasm of large round or 
irregular-shaped cells that resembled macrophages or epithelial cells (Fig. 3). 
Dendritic-like cells and large macrophages within hyperplastic lymphoid follicles as 
well as macrophages in the surrounding hyperplastic lymphoreticular tissue 
contained the PRRSV antigen. Large macrophages amongst debris within the 
tonsillar crypts were less often positive for PRRSV antigen. Those cells that were 
positive were usually very intensely brown-colored, however, the total number of 
positive cells within a positive tonsil often ranged from 5-20. Finding these positive 
cells required methodical and thorough examination of the entire tonsil section. 
PRRSV antigen was detected in the tonsils from 1-28 DPI. The tonsil was the 
tissue most often positive for PRRSV antigen in all three principal groups. VR2385-
inoculated pigs had the largest estimated amount of detectable antigen in the 
tonsils from 3-5 DPI, otherwise, the amount of antigen detected was consistently 
low for all the principal groups throughout the 28 day period of the experiment. 
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PRRSV antigen was detected in the thymuses of 9/25, 6/25, and 2/25 of the 
pigs inoculated with VR2385, VR2431, and LV, respectively. The PRRSV antigen-
positive cells were most often in the medulla and were round or triangular cells with 
1 to 3 large nuclei resembling macrophages (Fig. 4). There were also several 
PRRSV antigen-positive cells that were stellate in shape and had at least one long 
cytoplasmic process more characteristic of interdigitating cells (Fig. 4). A few 
scattered tingible body macrophages in the cortex also stained positive for PRRSV 
antigen. PRRSV antigen was detected from 2-21 DPI in the thymus. There was 
only a small amount of antigen present in the thymuses of the VR2431 and LV pigs, 
whereas, from 2-7 DPI there were moderate numbers of positive cells in the 
thymuses of the VR2385 pigs. 
The spleens from 10/25, 1/25, and 7/25 of the pigs inoculated with VR2385, 
VR2431, and the LV, respectively, contained PRRSV antigen-positive cells. The 
positive cells were usually in the white pulp. Macrophages and dendritic-like cells 
within follicles contained dark-brown granular-staining PRRSV antigen in the 
cytoplasm (Fig. 5). Lesser numbers of oval, fusiform or irregular-shaped PRRSV 
antigen-positive cells in the marginal zone were detected. These cells most 
resembled macrophages or reticular cells. It was rare to find macrophage-like cells 
in the red pulp which stained positive for PRRSV antigen. 
Intestinal villi lesions were not seen, however, PRRSV antigen was seen in 
the ileum of 13/25, 11/25, and 8/25 of the VR2385, VR2431, and the LV-inoculated 
pigs, respectively. PRRSV antigen was most often detected in large macrophages 
and dendritic cells in Peyer's patches and within similar cells in the domes (Fig. 6). 
The positive macrophages often contained tingible bodies. It was rare to find 
single macrophages or a cluster of PRRSV antigen-positive macrophages 
randomly scattered in the lamina propria of villi. From 2-5 small brown granules of 
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antigen were seen within villus or dome epithelial cells in areas where antigen was 
present in subepithelial macrophages (Fig. 6). PRRSV antigen was detected as 
early as 1 DPI and for as long as 21 DPI. Antigen was most intense from 2-5 DPI 
and particularly so in the VR2385-inoculated pigs. 
We failed to detect PRRSV antigen in the liver or kidney of the VR2431 or the 
LV-inoculated pigs. PRRSV antigen was detected in the liver and kidney of 5/25 of 
the VR2385-inoculated pigs. Four pigs were positive in both organs. PRRSV 
antigen was detected within Kupffer cells and sinusoidal macrophages in the liver. 
Low numbers of round, polygonal, stellate, or fusiform cells in the renal medulla 
and pelvic interstitium stained positive for PRRSV antigen. The antigen was 
detected from 2-7 DPI in low amount in both the liver and kidney. 
PRRSV antigen was detected in the adrenal gland of 6/25, 2/25 and 1/25 of 
the VR2385, VR2431, and the LV-inoculated pigs, respectively. Very low numbers 
of positive macrophages were observed in the adrenal medulla from 3-10 DPI . 
PRRSV antigen was detected in turbinates of 1/25, 1/25, and 0/25 of the 
VR2385, VR2431, and LV-inoculated pigs, respectively. PRRSV antigen in the 
turbinates was within round to oval or irregular-shaped cells in the mucosal 
epithelium and in the submucosa. These cells most resembled macrophages. No 
PRRSV antigen was detected in the brain, pituitary gland, or pancreas of any 
principal pigs. 
Statistical analysis of IHC scores for the various tissues by the Kruskal-
Wallis test and Mann Whitney U-test found significant differences in the amount of 
PRRSV antigen in the anterior (P<0.001), middle (P<0.0001), and caudal (P<0.01) 
lung lobe, the mediastinal (P<0.05) and middle iliac (P<0.05) lymph nodes, and in 
the tonsils (P<0.05). The VR2385 pigs had significantly more PRRSV antigen 
detected in the anterior (P<0.001), middle (P<0.0001), and caudal (P<0.01) lung 
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lobe, the mediastinal lymph node (P<0.05), and the tonsil (P<0.05) than was 
detected in the same tissues of the VR2431 or Leiystad pigs. Significantly more 
(P<0.01) antigen was also detected in the iliac lymph nodes of the VR2385 pigs 
than was detected in the same lymph node of the Leiystad pigs. No significant 
difference in the amount of PRRSV antigen in any tissue was found between the 
VR2431 and Leiystad pigs. 
Virus Isolation 
Tissues from 2 or 3 pigs from each group were pooled at each DPI. PRRSV 
was isolated from all of the sera pools and nearly all of the lung and tonsil pools of 
all principal pigs from 1 to 28 DPI (Table 4). PRRSV was isolated from all of the 
VR2385 pig lymph node pools, 7/11 of the VR2431 lymph node pools, and 8/11 of 
the LV lymph node pools. In the spleen pools, 9/11,8/11, and 8/11 pools were 
positive by virus isolation for VR2385, VR2431, and LV, respectively. PRRSV was 
isolated from 10/11, 3/11, and 6/11 pooled intestinal samples from the VR2385, 
VR2431, and LV pigs, respectively. In brain tissue pools, 5/11,4/11, and 1/11 were 
positive for VR2385, VR2431, and LV, respectively. PRRSV was isolated from 8/11, 
9/11, and 9/11 heart tissue pools from the VR2385, VR2431, and LV groups, 
respectively. PRRSV was not recovered from any control pigs. 
Discussion 
Statistically significant differences in virulence of the three isolates used as 
inocula in this experiment have been documented. The VR2385 isolate of 
PRRSV was found to be highly virulent and induced significantly more severe 
clinical disease and gross and microscopic lung lesions than the VR2431 or LV 
isolates.''^ PRRS virus was recovered from more tissues and PRRSV antigen was 
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detected in more tissues of the VR2385 group. Significantly more antigen was 
detected in the lung, lymph nodes, and tonsils of the VR2385 pigs. The cell types 
in which PRRSV antigen was detected, and the distribution of antigen within 
particular tissues and organs, was generally similar for all three viruses despite 
differences in virulence. 
PRRSV was isolated from all sera pools of the pigs in all three virus groups 
from 1-28 DPI. IHC and virus isolation results demonstrate that PRRS virus and 
antigen are widespread in the respiratory and lymphoid system of the pig by 24-48 
hours. The virus persists in the tonsil, lung, and serum for at least 28 days. 
Prolonged viremia, despite the presence of high serum antibody response as 
measured by the immunoperoxidase monolayer assay (IPMA) or indirect 
fluorescent antibody assay (IFA), is a common feature of PRRSV 
infection.25-29,30,34,35 Most of the principal pigs in our study had IFA titers of > 1:320 
by 15 DPn° and yet were viremic for at least 28 days. Serum antibodies against 
PRRSV as detected by a modified serum virus neutralization test appear at 11-21 
•P|25,35_ apparently these antibodies are at low level or are ineffective at 
neutralizing PRRSV in vivo. 
Our IHC study demonstrates that PRRSV primarily infects cells of the 
macrophage/monocyte/dendritic lines. This needs to be further confirmed by 
electron microscopy and by identification of specific cell markers, perhaps by 
double-labeling immunohistochemistry. Monocytes, macrophages, and dendritic 
cells are all important antigen presenting cells (APCs) that are especially rich in 
major histocompatibility complex (MHC) class II glycoproteins."' These APCs 
present antigen to the immune system by complexing proteins to the major 
histocompatibility complex (MHC) class I or II glycoproteins located on their cell 
surfaces."" Destruction of these APCs by either the virus or activated lymphocytes, 
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or the inability of these cells to present viral antigens in an appropriate way to the 
appropriate lymphocytes may decrease the ability of the immune system to mount 
an effective humoral or cell mediated immune response to the PRRSV. Further 
research is needed on the effect that PRRSV has on presentation of antigen by 
infected macrophages. Studies to compare the cell mediated immune response 
generated by PRRSV isolates of varying pathogenicity would also help to increase 
our understanding of PRRSV immunopathogenesis. 
The presence of PRRSV antigen in cells resembling interdigitating cells in 
the thymus also needs further research. Interdigitating cells are thought to be a 
type of antigen presenting cell which is rich in MHC II antigens.These cells in 
the thymus are important for selecting out cells that react against self antigen. 
Destruction of interdigitating cells in the piglet may increase the potential for 
development of immune-related or autoimmune diseases. Continual presence and 
replication of PRRSV in the thymus may also play a role in the development of 
immunotolerance to PRRSV. 
PRRSV antigen was detected within endothelial cells and macrophages in 
the heart, not within cardiac myofibers. It is interesting that we failed to detect 
PRRSV antigen in endothelial cells in any tissue other than the heart. Why 
myocardial endothelial cells are unique in this respect requires further 
investigation. Endothelial swelling and vasculitis were also features of the 
encephalitis in some pigs, however, no PRRSV antigen was detected by IHC in the 
brains of any of the pigs. Perhaps the virus is present in the endothelial cells in the 
brain and other tissues as well, but, at a titer lower than we can detect with the 
present IHC. 
The observation of severe myocarditis in the absence of detectable PRRSV 
antigen is also of interest. There are two general mechanisms thought to be 
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involved in viral myocarditis in humans: direct viral cytotoxicity, or initiation of a cell-
mediated immune reaction which then damages the cardiac myofibers that contain 
virus-dictated antigens.33 Myofiber damage is an important feature of human viral 
myocarditis but is not a feature of PRRSV-induced myocarditis at the light 
microscope level. Inflammation is a feature of PRRSV-induced myocarditis and the 
inflammation often persists after virus is apparently cleared from the myocardium 
suggesting the possibility of an autoimmune reaction. It has been demonstrated 
that in some cases of Coxsackie virus infection of humans, a population of effector 
cells are generated that are cytotoxic for uninfected myofibers.''^ The possibility of 
immune-mediated or autoimmune myocarditis in PRRSV-infected pigs deserves 
further research. 
The success of isolation of PRRSV from rectal swabs of experimentally-
infected pigs has been limited.29 This is important information because of the 
implications in shedding and transmission of PRRSV. We detected PRRSV antigen 
in Peyer's patches, domes, and lamina propria of the small intestine during the 
same time period (1-15 DPI), and within the same cell types as in the lymph nodes. 
Small aggregates of antigen were detected within the intestinal epithelium. Our 
work suggests that the PRRSV is present primarily in the gut associated lymphoid 
tissue and if shed into the lumen of the intestine it is likely within macrophages or 
vesicles that transverse the intestinal epithelium. PRRSV antigen was detected in 
the domes and Peyer's patches at the first sampling period (24 hours) in the 
VR2385-inoculated pigs. The possibility remains that the domes may serve as a 
portal of entry of PRRSV should the virus survive passage through the upper 
gastrointestinal tract. 
The pathogenesis of PRRSV-induced respiratory disease is likely in great 
part due to destruction of alveolar macrophages. Reduction in the numbers of 
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alveolar macrophages in PRRSV-infected pigs has been reported.22,23,37 7^0 
proportion of macrophages in the lavage was reduced from 95 percent to 50 
percent. It has also been demonstrated that PRRSV-infection of alveolar 
macrophages induced a dramatic increase in inflammatory cytokine expression 
and a significant suppression of nonspecific bactericidal activity.^^ This PRRSV-
induced reduction in the number and function of alveolar macrophages is likely to 
predispose pigs to the secondary bacterial infections which are commonly reported 
in PRRSV-infected pigs-'^-^-^s This has been demonstrated experimentally in pigs 
inoculated with PRRSV and Streptococcus suis.^ 
Type 2 pneumocyte hypertrophy and hyperplasia is a hallmark lung lesion of 
the most virulent isolates that we have studied. We have been unable to 
specifically detect PRRSV antigen within type 1 or type 2 pneumocytes lining 
alveolar septa. Perhaps this is due to a lack in sensitivity of the IHC procedure and 
the virus is present in these cells in low titer. Alternatively, damage to type 1 
pneumocytes and subsequent proliferation of type 2 pneumocytes may be the 
result of damage to the more numerous and more mature type 1 pneumocytes by 
enzymes and cytokines released by PRRSV-induced lysis of macrophages and 
monocytes in the alveolar spaces and septa. Pneumocytes are known to have 
phagocytic ability and the rare presence of PRRSV antigen in what appear to be 
sloughed pneumocytes may be the result of engulfment of lysed macrophage 
debris. The release of enzymes and cytokines after lysis of alveolar macrophages 
may also serve as a source of chemoattractants and stimulate the inflammatory 
response. 
PRRSV antigen has been detected in bronchiolar epithelium and alveolar 
septal cells in frozen sections of lungs.s. 26 Damage to different levels of the 
mucociliary clearance mechanisms has been demonstrated.^.s.^,10,26 Nasal 
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mucosal epithelial cell loss and degeneration, and lymphoplasmacytic 
inflammation and edema, have been reported after experimental inoculation with 
some PRRSV isolates 3-5.7.10 Bronchiolar epithelial vacuolation, swelling, 
degeneration and necrosis has been inconsistently reported.26 Destruction of 
bronchiolar cilia and vacuolation of epithelial cells has been observed by electron 
microscopy^, however, similar changes generally are not apparent by light 
microscopy in natural or experimental cases of PRRSV infection. If necrotizing 
bronchiolitis is observed in natural cases of pneumonia submitted to the Iowa State 
University Veterinary Diagnostic Laboratory (ISU-VDL), demonstration of 
concurrent infection with other viruses such as swine influenza or porcine 
respiratory coronavirus is usually successful (PG Halbur et al., unpublished 
observations). 
Detection of PRRSV antigen in the lung of experimentally infected pigs by 
IHC was moderately sensitive (67%) and highly specific (100%). The sensitivity for 
antigen detection in the pig by IHC improved to 95% when tonsil was tested. In 
clinical cases submitted to the ISU-VDL, we request both formalin-fixed lung and 
tonsil for processing together in one or two blocks for testing by PRRSV IHC. 
Decreased sensitivity of IHC in clinical cases is in part a result of examination of 
less sections and autolysis of tissues. Like others have reported^^, we too have 
found that the distribution of antigen in the lung can be quite multifocal despite the 
more diffuse interstitial pneumonia lesion. From this study we also discovered that 
PRRSV antigen is more likely to be present in the anterior and middle lung lobes 
so selection of tissues from this area is preferred. The virus distribution may well 
be diffuse but in low enough titer that we cannot detect it by IHC. 
We have also attempted examination of sections of frozen lung and other 
tissues for PRRSV antigen by direct and indirect immunofluorescent antibody 
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technique (FA) using monoclonal and polyclonal sera and have encountered 
unacceptable background staining. We much prefer the IHC slides for ease of 
reading with the light microscope and because of the advantage of correlation of 
antigen with lesions and cell type. Some laboratories do, however, use the FA on 
clinical case tissues.^^ Other obvious advantages of the IHC technique are the 
ability to do retrospective studies and the ability to detect antigen in lungs with 
severe secondary bacterial infections that may make them unsuitable for virus 
isolation. 
The sensitivity of virus isolation (VI) from two-pig-pools over the 28 day 
period from serum was 100%, from lung was 97%, and from tonsil was 97%. In 
clinical cases at the ISU-VDL, however, we are not as successful with VI as with 
IHC. This likely is due to the loss of viability of the virus in processing, packaging, 
and transporting tissues to the laboratory and the contamination of the specimens 
with other organisms that make isolation difficult. 
The IHC procedure used in this study was useful for detection of PRRSV 
antigen in tissues taken from pigs inoculated intranasally with one of two U.S. 
PRRSV isolates or the European Leiystad virus. The cell types in which PRRSV 
antigen was detected, and the distribution of antigen within particular tissues and 
organs, was generally similar for the different virus inoculation groups despite 
differences in virulence. PRRSV viremia is established within 24 hours and the 
virus becomes widespread primarily within macrophage/monocyte/dendritic cells 
throughout the respiratory and lymphoid system by 48 hours and persists in these 
tissues for at least 28 days. Pneumonia likely results from the lysis of alveolar 
macrophages, compromised alveolar macrophage function, and the inflammatory 
response to the enzymes and cytokines released by damaged macrophages. The 
ineffective immune response that allows for prolonged viremia and persistent 
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infection may be the result of widespread damage to antigen presenting cells 
within which PRRSV antigen was consistently demonstrated. 
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Table 1. PRRSV Immunohistochemistry of VR2385-, VR2431- and LV-
inoculated pigs. 
Tissues* IDPIt 2DPI 3DPI 5DPI 7DPI 10DPI 15DPI 21 DPI 28DPI Total 
VR2385-inoculatsd oias 
Lung 0/2 t  1/2 2/2 2/2 2/2 9/9 2/2 2/2 2/2 22/25 
turbinate 0/2 0/2 0/2 0/2 0/2 1/9 0/2 0/2 0/2 1/25 
heart 0/2 0/2 1/2 0/2 2/2 5/9 1/2 0/2 0/2 9/25 
tb In 1/2 2/2 2/2 2/2 2/2 3/9 0/2 1/2 0/2 13/25 
md In 0/2 2/2 2/2 2/2 2/2 4/9 0/2 0/2 2/2 14/25 
iliac In 1/2 2/2 2/2 2/2 2/2 5/9 0/2 0/2 0/2 14/25 
mes In 0/2 2/2 2/2 2/2 1/2 2/9 1/2 0/2 0/2 10/25 
tonsil 2/2 2/2 2/2 2/2 2/2 9/9 2/2 2/2 2/2 25/25 
thymus 0/2 1/2 2/2 2/2 2/2 2/9 0/2 0/2 0/2 9/25 
spleen 0/2 2/2 2/2 2/2 0/2 3/9 0/2 1/2 0/2 10/25 
small int 2/2 1/2 2/2 2/2 2/2 4/9 0/2 0/2 0/2 13/25 
liver 0/2 1/2 1/2 2/2 1/2 0/9 0/2 0/2 0/2 5/25 
kidney 0/2 0/2 1/2 2/2 2/2 0/9 0/2 0/2 0/2 5/25 
adrenal 0/2 0/2 1/2 1/2 1/2 3/9 0/2 0/2 0/2 6/25 
brain 0/2 0/2 0/2 0/2 0/9 0/2 0/2 0/2 0/2 0/25 
VR2431-inoculated oias 
Lung 0/2 t  1/2 1/2 1/2 1/2 5/9 2/2 2/2 1/2 14/25 
turbinate 0/2 0/2 0/2 0/2 0/2 0/9 0/2 0/2 0/2 0/25 
heart 0/2 0/2 1/2 0/2 1/2 1/9 0/2 0/2 0/2 3/25 
tb In 1/2 1/2 1/2 0/2 1/2 5/9 0/2 0/2 0/2 9/25 
md In 1/2 1/2 2/2 1/2 1/2 2/9 0/2 1/2 1/2 10/25 
iliac In 0/2 1/2 2/2 0/2 1/2 0/9 0/2 0/2 0/2 4/25 
mes In 0/2 1/2 2/2 1/2 2/2 3/9 0/2 0/2 0/2 9/25 
tonsil 2/2 2/2 2/2 2/2 2/2 7/9 2/2 2/2 2/2 23/25 
thymus 0/2 0/2 0/2 2/2 0/2 0/9 0/2 0/2 0/2 2/25 
spleen 1/2 1/2 0/2 0/2 0/2 4/9 0/2 0/2 1/2 7/25 
small int 0/2 1/2 1/2 1/2 1/2 3/9 1/2 0/2 0/2 8/25 
liver 0/2 0/2 0/2 0/2 0/2 0/9 0/2 0/2 0/2 0/25 
kidney 0/2 0/2 0/2 0/2 0/2 0/9 0/2 0/2 0/2 0/25 
adrenal 0/2 0/2 1/2 0/2 1/2 1/9 0/2 0/2 0/2 3/25 
brain 0/2 0/2 0/2 0/2 0/2 0/9 0/2 0/2 0/2 0/25 
Leivstad virus-inoculated oias 
Lung OI2t 1/2 1/2 1/2 1/2 5/9 2/2 2/2 1/2 14/25 
turbinate 0/2 0/2 0/2 0/2 0/2 0/9 0/2 0/2 0/2 0/25 
heart 0/2 0/2 1/2 0/2 1/2 1/9 0/2 0/2 0/2 3/25 
tb In 1/2 1/2 1/2 0/2 1/2 5/9 0/2 0/2 0/2 9/25 
md In 1/2 1/2 2/2 1/2 1/2 2/9 0/2 1/2 1/2 10/25 
iliac In 0/2 1/2 2/2 0/2 1/2 0/9 0/2 0/2 0/2 4/25 
mes in 0/2 1/2 2/2 1/2 2/2 3/9 0/2 0/2 0/2 9/25 
tonsil 2/2 2/2 2/2 2/2 2/2 7/9 2/2 2/2 2/2 23/25 
thymus 0/2 0/2 0/2 2/2 0/2 0/9 0/2 0/2 0/2 2/25 
spleen 1/2 1/2 0/2 0/2 0/2 4/9 0/2 0/2 1/2 7/25 
small int 0/2 1/2 1/2 1/2 1/2 3/9 1/2 0/2 0/2 8/25 
liver 0/2 0/2 0/2 0/2 0/2 0/9 0/2 0/2 0/2 0/25 
kidney 0/2 0/2 0/2 0/2 0/2 0/9 0/2 0/2 0/2 0/25 
adrenal 0/2 0/2 1/2 0/2 1/2 1/9 0/2 0/2 0/2 3/25 
brain 0/2 0/2 0/2 0/2 0/2 0/9 0/2 0/2 0/2 0/25 
*ln=lymph node, tb=tracheobronchial, md=mediastinal, iliac=iiiac, 
mes=mesenteric, int=intestine 
tDPI=days post inoculation 
t=number of pigs positive for PRRSV antigen/ the number tested by IHC 
Table 2. Mean estimated score for amount of PRRSV antigen detected by immunohistochemistry. 
VR2385 VR2431 Leiystad 
dpi* Ant Mid Cd tblnll med iliac Ton Ant Mid Cd tbin med iliac Ton Ant Mid Cd tb in Med iliac Ton 
I9t m In# mil '9 '9 If? In In "9 "9 '9 In In 
1 0** 0 0 1.5 0 0.5 1 0.5 0 0.5 0 0 0 0.5 0 0 0 0.5 0.5 0 1 
2 0.5 1 1 2 1.5 2 1.5 0.5 0 0 2 1 2.5 0.5 0.5 0.5 0.5 1 1 1 1 
3 2 2.5 3 3 3 3 3 0 0 0 1 1.5 2.5 0.5 0.5 0.5 0.5 1 1.5 2 1 
5 2 2 1.5 3 3 2.5 3 0.5 1 0 2 2 2 1 1 0.5 0 0 0.5 0 1 
7 2.5 1.5 2 1 1.5 2 1 0 2 0 1 1 0.5 0.5 1 0 0 1 0.5 0.5 1 
10 2 1.6 .9 0.5 0.6 0.7 1.2 1.1 0.9 0.3 0.1 0.1 0.1 1.1 0.3 0.4 0 0.6 0.2 0 0.8 
15 1 0 0 0 0 0 1 2 0.5 0 0 0 0 1 0.5 0.5 0.5 0 0 0 1 
21 2 .5 .5 .5 0 0 2.5 0 0 0 0 0 0 1 1 0 0 0 0.5 0 1.5 
28 1 0 0 0 1 0 1.5 1.3 0 0 0 1.3 0 2 0.5 0 0 0 0.5 0 1 
*dpi = days post inoculation 
t = anterior lung lobe 
t = middle lung lobe 
§ = caudal lung lobe 
II = tracheobronchial lymph node 
# = mediastinal lymph node 
% = medial iliac lymph node 
**Antigen amount was estimated and scored as (0)=no PRRSV-antigen-positive cells, (1)=1-10 positive cells, 
(2)=11-30 positive cells, (3)=31-100 positive cells, and (4)=more than 100 positive cells per section of tissue 
examined. 
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Table 3. Tissues and cells in which PRRSV antigen was detected. 
Tissue PRRSV antigen-positive cells 
lung alveolar and septal macrophages 
heart endothelial cells, macrophages 
lymph nodes dendritic cells, macrophages 
tonsil dendritic cells, macrophages 
thymus interdigitating cells, macrophages 
spleen dendritic cells, reticular cells, macrophages 
intestine Peyer's patch macrophages and dendritic cells, 
macrophages in lamina propria 
kidney macrophages 
liver Kupffer cells, macrophages 
adrenal gland macrophages 
Table 4. Virus isolation results from sera and tissues.* 
VR2385 VR2431 Leiystad 
dpit I9 In ht ser ton spl si br '9 In ht ser ton spl si br Ig In ht ser ton spl si br 
1 +t + - + - - + - + - - + + - + - - - - + + - -
2 + + + + + + + + + + + + + + + - + + + + + + + 
3 + + + + + + + + + + + + + + + - + + + + + + + 
5 + + + + + + + + + + + + + + - + + + - + + + + 
7 + + + + + + + + + + + + + + - + + + + + + + + 
10 + + + + + + + - + + + + + + - + + + + + + + + 
10 + + - + + + + - + + + + + + - - + + + + + + + 
10 + + + + + + + + - + + + + - + + + + + + + + 
15 + + + + + + + - + + + + + + - - + + + + + + -
21 + + + + + + + - + - - + + - - - + - + + + - -
28 + + - + + - - - + - + + + - - - + - + + + - -
*Abbreviations: Ig = lung pool, In = lymph node pool, ht = heart pool, ser = serum pool, ton = tonsil pool, spl = 
spleen pool, si = small intestine pool, br = brain pool, 
t = days post inoculation (1 to 28) 
i = virus isolation result, (+) = positive, (-) = negative 
Figure 1. Lung of a pig inoculated with PRRSV VR2385 10 days previously. 
Alveolar macrophages stain intensely dark brown for PRRSV antigen. 
ABC immunoperoxidase with hematoxylin counterstain. Bar=21 |im. 
Figure 2. Germinal center of a lymph node from a pig inoculated 7 days previously 
with PRRSV VR2385. PRRSV antigen was detected within tingible-body 
macrophages (arrow) and dendritic-like cells (arrow head). ABC 
immunoperoxidase with hematoxylin counterstain. Bar=21 [im. 
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Figure 3. Tonsil of a pig inoculated 5 days previously with Leiystad virus. PRRSV 
antigen was detected within pleomorphic cells (arrow heads) In the crypt 
epithelium. ABC immunoperoxidase with hematoxylin counterstain. 
Bar=70 jiim. 
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Figure 4. Thymic medulla of a pig inoculated 5 days previously with PRRSV 
VR2385. PRRSV antigen was detected in macrophages (small arrow), 
cells that resemble interdigitating cells (large arrow), and in 
multinucleated cells (arrow head). ABC immunoperoxidase with 
hematoxylin counterstain. Bar=21 |am. 
Figure 5. Spleen from a pig inoculated with Leiystad virus 10 days previously. 
PRRSV antigen was detected in dendritic-like cells in the white pulp. 
ABC immunoperoxidase with hematoxylin counterstain. Bar=10 |im. 
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Figure 6. Ileum of a pig inoculated 3 days previously with PRRSV VR2385. 
PRRSV antigen was detected within macrophages (arrows) in the domes 
and as small granules in intestinal epithelial cells (arrow heads). ABC 
immunoperoxidase with hematoxylin counterstain. 
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GENERAL CONCLUSIONS 
My colleagues and I have successfully accomplished the immediate 
objectives we had proposed when beginning our research on the newly 
discovered porcine reproductive and respiratory syndrome virus (PRRSV). We 
have developed a reliable cesarean-derived-colostrum-deprived (CDCD) pig 
model to study the pathogenesis of PRRSV-induced respiratory and systemic 
disease. This model has since been adapted for use with specific-pathogen free 
and conventional pigs and has been used extensively to evaluate potential PRRSV 
vaccines. We have focused our pathogenicity studies on nursery-age pigs and 
described in detail the temporal progression of gross and microscopic lesions and 
distribution of PRRSV antigen. The PRRSV isolates we have characterized were 
carefully chosen from herds which varied in type and severity of clinical signs. We 
demonstrated statistically significant differences in virulence among several U.S. 
PRRSV isolates and the European Leiystad virus. It is now apparent from our 
research that the varied severity in disease observed in the clinical outbreaks is in 
part due to differences in virulence between PRRSV isolates. General 
categorization of these isolates into low and high virulence groups should provide 
for meaningful comparison and analysis of viral genetic differences. 
We developed an immunohistochemical (IHC) technique for PRRSV antigen 
detection that has improved diagnostic and research capabilities. This IHC 
technique is now used on case submissions to the Iowa State University Veterinary 
Diagnostic Laboratory. Diagnosis of PRRSV by this technique can be provided in 
24-48 hours. The IHC technique has been useful for correlation of PRRSV antigen 
distribution with characteristic histopathologic lesions. This information has 
allowed us to develop a proposed model for PRRSV-induced respiratory and 
systemic disease in growing pigs. 
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PRRSV viremia is established within 24 hours and the virus and antigen 
becomes widespread primarily within macrophage/monocyte/dendritic cells 
throughout the respiratory and lymphoid systems by 48 hours and persists in these 
tissues for at least 28 days. We have detected PRRSV antigen in the tonsils in 
nearly all of the experimentally-inoculated pigs by 24 hours post infection, and 
persisting in the tonsil for at least 28 days. Recent research by others (Wills et al., 
1995) has demonstrated the isolation of PRRSV from oropharyngeal scrapes and 
swabs of pigs for at least 157 days post inoculation. This suggests that the tonsil 
may be both the portal of entry and a site of persistence for PRRSV. It has not been 
determined experimentally by reinoculation whether virus recovered from the tonsil 
of persistently-infected pigs is infectious for other animals, however, it has been 
demonstrated that experimentally-infected sows can shed infectious virus to 
sentinel pigs for at least 100 days post-inoculation (Zimmerman et al., 1992). 
Respiratory distress is the most characteristic clinical sign of PRRS in 
growing pigs. PRRSV-induced interstitial pneumonia is characterized by type 2 
pneumocyte hypertrophy and hyperplasia, accumulation of necrotic debris and 
mixed inflammatory cells in alveolar spaces, and septal infiltration with 
mononuclear cells. Our experimental studies with 16 different PRRSV isolates 
suggest that pneumocyte hypertrophy and hyperplasia concurrent with the 
presence of necrotic debris in alveolar spaces, are the hallmark lesions of PRRSV-
induced pneumonia. Others (Collins et al., 1992a: Collins et al., 1992b: Yoon et al., 
1992b: Pol et al., 1991: Zeman et al., 1993) describe marked alveolar septal 
infiltration with mononuclear cells as the hallmark lesion for PRRS. The difference 
may be that we have infected many more pigs and have used more PRRSV 
isolates than other research groups, and we routinely inflate lungs with formalin at 
the time of necropsy to minimize artifact. 
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We have been unable to specifically detect PRRSV antigen within type 1 or 
type 2 pneumocytes. Perhaps this is due to a lack in sensitivity of the IHC 
procedure. Damage to type 1 pneumocytes and subsequent proliferation of type 2 
pneumocytes may be the result of damage to the more numerous and more mature 
type 1 pneumocytes by enzymes and cytokines released by PRRSV-induced lysis 
of macrophages in the alveolar spaces. We are in the process of developing in situ 
hybridization and reverse transcriptase polymerase chain reaction (RT-PCR) which 
should be more sensitive in detecting virus. 
Pneumonia likely results from the lysis of alveolar macrophages, 
compromised alveolar macrophage function, and the inflammatory response to the 
enzymes and cytokines released by damaged macrophages. Alveolar 
macrophages from infected pigs have recently been shown to be more reliable 
than serum or any of 27 other tissues tested for the presence of virus or viral 
antigen in pigs 3 weeks or more post exposure (Mengeling et al., 1995a). PRRSV 
antigen was found in alveolar macrophages of some pigs for as long as 70 days 
post exposure. Reduction in the number of alveolar macrophages in PRRSV-
infected pigs has been reported (Zhou et al., 1992; Molitor et al., 1992; Plana 
Duran et al., 1992b). The proportion of macrophages in the lavage was reduced 
from 95 percent to 50 percent. PRRSV-infection of alveolar macrophages has also 
been reported to induce a dramatic increase in inflammatory cytokine expression 
and a significant suppression of nonspecific bactericidal activity (Zhou et al., 1992). 
All these detrimental affects on alveolar macrophages are at least likely to 
predispose pigs to the secondary bacterial infections which are common in 
PRRSV-infected pigs. 
The ineffective immune response is a remarkable and yet unexplained 
feature of PRRS. If the cells that present antigen are also the source of antigens, 
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and if they are damaged or destroyed, an impaired immune response to the 
infecting virus would be expected. Monocytes, macrophages, and dendritic cells 
are all important (APCs). These are the cell types that our research indicates 
contain PRRSV antigen and likely virus. The exact identification of these cell types 
awaits further confirmation by electron microscopy and immunohistochemistry for 
identification of specific cell markers. These APCs present antigen to the immune 
system by complexing proteins to the major histocompatibility complex (MHC) class 
I or II glycoproteins located on their cell surfaces (Abbas et al., 1994; Austyn, 1987; 
Metlay, 1964; Metlay et al., 1965). We have proposed that destruction of these 
APCs by either the virus or activated lymphocytes, or the inability of these cells to 
present viral antigens in an appropriate way to the appropriate lymphocytes may 
be the reason for the decreased ability of the immune system to mount an effective 
humoral or cell mediated immune response to the PRRSV. The ineffective immune 
response allows for prolonged viremia and persistent infection. Further research is 
needed on the effect that PRRSV has on presentation of antigen by infected 
macrophages. Studies to compare the cell mediated immune response generated 
by PRRSV isolates of varying pathogenicity would also help to increase our 
understanding of PRRSV immunopathogenesis. We are in position to do these 
studies now that we have a reliable model and can utilize PRRSV isolates in this 
model that have been well characterized genetically and pathologically and have 
been found to differ significantly in virulence. 
Isakov et al. (1981; 1982a: 1982b: 1982c), used a macrophage-dependent T 
cell proliferative assay to test the antigen-presenting capacity of LDV-infected 
macrophages. LDV impaired the capacity of APCs to present antigen to T cells and 
to trigger memory T lymphocytes. No decrease in phagocytic ability of LDV-
infected macrophages was detected. Endocytosis of antigen by LDV-infected 
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macrophages was similar to that of uninfected cells. It was suggested that impaired 
immunogenic effect of LDV-infected macrophages results from reduced 
immunogenicity of the membrane-bound antigen. It was concluded that changes 
in macrophage properties may occur following infection with LDV that impairs their 
ability to present antigen to the reactive T lymphocytes in an immunogenic form. A 
similar scenario seems possible for PRRSV. 
The immune response to African swine fever virus (ASFV) is atypical 
compared with that of most other viruses, yet, similar in many ways to PRRSV. 
Acute ASFV-induced disease is characterized by a 7-10 day course with no 
detectable antibody response. The subacute disease stimulates a strong antibody 
response that is only partially protective. Most surviving pigs have a chronic 
viremia in the presence of high antibody levels for 2-3 months (Gregg et al., 1995a: 
Gregg et al., 1995b). Gregg et al. (1995a) have recently identified and 
characterized interdigitating dendritic cells (IDCs) in the lymph nodes of pigs 
infected with ASFV. The IDCs were characterized by morphologic examination at 
the light microscope level, S-100 immunohistochemistry, and transmission electron 
microscopy. Double-labeling with ASF antiserum and S-100 was used to 
demonstrate ASFV antigen in IDCs. At 3 days post inoculation (DPI), and all 
following days, S-100 staining in the cortex was markedly decreased and 
sometimes nearly absent except for a few faintly-stained nuclei suggesting 
widespread damage to IDCs. Cryosections double-stained for S-100 and ASFV 
had a focal loss of S-100 staining in the paracortical tissue where there were 
positively-stained cells for ASFV antigen. By TEM, normal dendritic cells appeared 
as large cells with many long thin cytoplasmic extensions that intermingled with the 
short extensions of lymphocytes in control pigs. Whereas by 3 DPI with ASFV, the 
ultrastructure of the IDCs had markedly changed. The cytoplasmic extensions 
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were shortened and blunted, or absent, and few cells were found In close 
association with lymphocytes. Some of the damaged I DCs had ASF virions 
assembling in the cytoplasm. 
Gregg et al. (1995a) have suggested that the failure of humoral immune 
response to virulent African Swine Fever virus (ASFV) may be due to primary 
infection of interdigitating dendritic cells and their inability to present antigen to T 
cells. Less damage was detected in I DCs of pigs inoculated with less virulent 
ASFV isolates suggesting less serious impairment and a more normal immune 
response. The degree of infection and necrosis of dendritic cells may play a pivotal 
role in the quality of the immune response that is elicited and determining the 
virulence of the particular virus isolate. This hypothesis should be tested with 
PRRSV isolates that have been shown to differ in virulence. Potential modified-live 
vaccines could also be tested in this way. 
ASFV is similar to human immunodeficiency virus (HIV-1) in that both infect 
and cause degenerative changes in dendritic cells. HIV-1 can infect blood-derived 
dendritic cells (Patterson et al., 1987), Langerhans cells (LCs) (Rappersberger et 
al., 1988) in the skin, and interdigitating dendritic cells (Muller et al., 1986) and 
follicular dendritic cells (FDCs) (Parmentier et al., 1990) of the lymph node. HIV 
can also infect T cells and result in a state of combined immunodeficiency. HIV 
infection has been found in up to 24% of blood-derived dendritic cells in AIDS 
patients, but T cell infection rate is only 0.1% (Patterson et al., 1987). The HIV 
literature may be very useful for understanding the immune response to PRRSV. 
Lactate dehydrogenase-elevating virus (LDV) and PRRSV are interestingly 
very similar genetically, in morphogenesis of the viruses in cultured macrophages, 
and especially so in the unusual immune responses that they elicit. LDV is highly 
immunogenic and mice develop a strong antibody response to LDV, however, this 
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response is ineffective in clearing the virus from the body (Rowson et al., 1995; 
Cafruny, 1989; Plagemann et al., 1992b). Similarly, pigs develop an ineffective 
immune response to PRRSV. Prolonged viremia, despite the presence of high 
serum antibody response as measured by the immunoperoxidase monolayer 
assay (IPMA) or indirect fluorescent antibody assay (IFA), is a common feature of 
PRRSV infection (Edwards et al., 1992; Nelson et al., 1994; Rossow et al., 1994d; 
Voicu et al., 1994; Yoon et al., 1992b: Yoon et al., 1994). Serum antibodies against 
PRRSV as detected by a modified serum virus neutralization test appear at 11-21 
DPI (Nelson et al., 1994; Yoon et al., 1994), but, apparently these antibodies are at 
low level or are ineffective at neutralizing PRRSV in vivo. LDV is remarkable in its 
ability to persist for the life of the infected animal and avoid destruction by the 
immune system. The combined effects of near exhaustion of permissive 
macrophages and a qualitatively restricted antiviral immune response limit LDV 
replication in a manner which is conducive to maintenance of permissive state 
(Cafruny, 1989; Plagemann et al., 1992b). Similar mechanisms of viral 
permissiveness could be proposed for PRRSV. 
Polyclonal B cell activation has been demonstrated by LDV infection 
(Rowson et al., 1985) and with PRRSV infection (Molitor et al. 1992; Zhoi et al., 
1992). This polyclonal activation appears to be a primary response to LDV 
infection but it is transitory. After PRRSV inoculation, pigs were vaccinated at 1 
day and 16 days with Brucella abortus, Escherichia colipWl antigens, and killed 
pseudorabies virus (PRV). Antibody responses to B. abortus and PRV were higher 
in all PRRSV-infected groups than in controls. LDV-infected mice have been found 
to have between three and ten times as many antibody producing cells in their 
spleens (Rowson et al., 1985). Similarly, we have reported PRRSV-induced 
splenomegaly and hyperplasia of periarteriolar lymphoid sheaths. 
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Antibody development has been shown to enhance replication of LDV 
(Plagemann et a!., 1992b). The presence of anti-LDV antibodies leads to 
enhanced infection in cultured macrophages (Cafruny, 1989). The mechanism of 
antibody-dependent enhancement of LDV infection is through attachment of virus-
antibody complexes to Fc-receptors present on the surface of target macrophages. 
No neutralizing antibody titers to PRRSV have been detected using alveolar 
macrophages suggesting that PRRSV-antibody complexes can bind through Fc 
receptors (Choi et al., 1992). It has also been demonstrated that viral antigen 
production in cultured porcine alveolar macrophages was enhanced 2-4 times in 
the presence of antibody compared to virus alone, and titers were enhanced 10-
100 times. These results suggest that antibody to PRRSV may not protect against 
infection and virus may exist in the form of immune complexes resulting in 
continuous replication and maintenance of persistent infection. 
Like PRRS, LDV replicates primarily within a subpopulation of macrophages 
(Rowson et al., 1985). Macrophages productively-infected with LDV in cell culture 
have characteristic morphologic alterations (Stueckemann et al., 1982a; 
Stueckemann et al., 1982b: Rowson et al., 1985; Cafruny, 1989; Plagemann et al., 
1992b) that are very similar to what has been reported with PRRSV (Pol et al., 
1992a: Pol et al., 1992b: Dea et al., 1992a). Both induce formation of clusters of 
double-membrane vesicles (DMVs) with a diameter of 100 to 300 microns, high 
density of polyribosomes near these DMVs, budding of nucleocapsids into vesicles 
with single membranes and accumulation of mature virions in the single membrane 
vesicles. Enveloped particles (45-55 nm) are seen in the lumen of SER and in the 
Golgi region. No surface budding has been observed so it is likely that the 
mechanism of virus release is by exocytosis or lysis of the infected cells. The 
mechanism for cell injury and death is likely very similar for PRRSV and LDV. 
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It has been suggested that Impaired clearance of plasma enzymes in LDV-
infected mice may be the result of reticuloendothelial system (RES) paralysis. 
Mahy et al. (1964; 1965), demonstrated that elevated LDH levels following LDV 
infections are considerably enhanced by prior treatment with thoroplast, which 
blocks RES activity, and are significantly decreased by pre-treatment with 
stilbesterol, which stimulates the RES. We have not recognized the presence of 
elevated enzymes or similar proteins in PRRSV-infected pigs, however, Goovaerts 
and Visser (1992) have suggested that there may be impaired clearance of 
activated clotting factors in PRRSV-infected pigs which could result in a 
consumptive coagulopathy and thrombocytopenia due to increased intravascular 
coagulation. Excessive bleeding after tail-docking or hemorrhage at the site of 
injections is common in PRRSV-infected pigs. 
Essentially nothing is known about the receptor for PRRSV on host cells. 
Again, perhaps we can learn from the LDV literature. LDV appears to enter 
permissive cells via trypsin-sensitive receptor-mediated endocytosis (Plagemann 
et al., 1992b). Evidence suggests that class II products of the major 
histocompatibility complex (MHC) known as la antigens may play a role in LDV-
macrophage attachment to immunologically-active cells (Inada and Mims, 1984; 
Inada and Mims 1985a: Inada and Mims, 1985b). Correlation between the 
proportion of LDV-permissive cells and expression of detectable la antigen has 
been reported. Trypsin treatment of macrophage cultures eliminates both la 
antigen-positive and LDV-permissive macrophages, la antigens rapidly disappear 
from LDV-infected cultured macrophages coincident with loss of LDV-permissive 
cells. Dual labeling of LDV-infected cultures with antibodies to la and LDV 
antigens showed correlation in that 85% of the la-positive cells became LDV-
infected. Infection of macrophages was blocked when cells were treated with 
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monoclonal antibody to 1-A and 1-E. LDV infectivity v^^as also inactivated when virus 
was treated with purified rat la antigens homologous to mouse 1-A and 1-E antigens. 
Complete disappearance of la antigen positive peritoneal and spleen 
macrophages was demonstrated in adult mice when infected 24-48 hours 
previously with LDV. The proportion of la positive macrophages is lower in 
persistently infected mice. These results suggest that LDV, after selectively 
infecting and replicating in la positive macrophages, induces cell death. Similar 
studies need to be done with PRRSV. 
SJL/J mice have increased expression of la-positive as well as LDV-infected 
cultured macrophages (Inada and Mims, 1985b). The percentage of peritoneal 
macrophages from 12-week-old SJL mice with la antigens were 3-4 times higher 
than that of age-matched CD-1 and C57BL/6 mice. Likewise, the frequency of 
LDV-infected cells was higher in the SJL mice. These facts also suggest that the 
macrophage LDV receptor may be the la antigen. In preliminary studies we have 
seen differences between breeds in susceptibility to PRRSV-induced pneumonia. 
In particular we have found the Meishan breed to be less susceptible. Perhaps 
these differences may be related to differences in macrophage receptors. 
The scientific community has made considerable progress in characterizing 
the recently discovered PRRSV and tremendous opportunities await further 
investigation. More detailed characterization of the cells in which PRRSV 
replicates can be done with immunohistochemistry and transmission electron 
microscopy. We are in the process of developing double-labeling IHC and 
beginning work on in-situ RT-PCR. The effect that PRRSV has on the cells it 
replicates in and how this relates to the unusual immune response will likely be a 
focus of continued research. Characterization of potential PRRSV cell receptors 
would also be an important area to research. Our preliminary data on possible 
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genetic differences in susceptibility to PRRSV-induced pneumonia should be 
repeated and expanded. Research should continue to reveal important viral 
genetic characteristics that when correlated with pathogenicity studies may provide 
useful information on virulence and immunogenicity. The devastating effect PRRS 
has had on the swine industry and the ability of PRRSV to persist in herds justifies 
continued multidisciplinary research on this virus. I am very pleased to have had 
the opportunity to work with my colleagues here at Iowa State University and do 
some of the initial pathogenesis work with PRRSV soon after it was recognized in 
North America. 
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